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Seventy-five Years of American Chemistry 


> In 1876, when the American Chemical Society was founded, America looked 
east to Europe for leadership in science. Although individuals here could and 
did make noteworthy contributions to the common store of fundamental 
knowledge, systematic training in science was only beginning in American 
colleges. One or more years of study in European universities became necessary 
for young men aspiring to teach science in America. Positions for scientists 
outside the teaching profession were almost non-existent. Education of any 


kind for women was regarded as a dangerous experiment, from which no good 
was to be expected. 


During the next forty years, spread of learning from Europe to America 
gradually changed the position of science in American life. Products of indus- 
tries founded upon chemical reactions came to be accepted as necessities in the 
American way of life. Similar industries came to be established here to some 
extent. But America, which had long led the world in practical inventions 
based on accepted scientific principles, was slow in establishing research insti- 
tutions where new discoveries could be made. 


It took the shock of losing supplies from Europe, on the outbreak of the 
First World War, to make American business men realize that, if they wanted 
the fruits of science, they would have to exert themselves to create the climate 
in which those fruits would grow. 


As the next forty-year period draws toward its close the American Chemical 
Society, on the occasion of its Diamond Jubilee, is to be congratulated on the 
improved conditions in the profession typified by its membership. Chemists 
now find employment in a wide variety of occupations where they can do 
original work. In addition, America can now hold her own in scientific edu- 
cation. In many fields her scientists lead the world. 


Yet, having achieved so much, there is apparent in some quarters a disposi- 
tion to abandon support for the kind of research for which no practical use is 
in sight. The military official who thinks of research merely as supplying the 
wants of Army and Navy, and the industrialist who lops off funds for projects 
not foreseen as money makers, are not likely to be the ones honored for achieve- 
ment by the American Chemical Society in 1976 or 2051. 
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—Photo courtesy International Minerals and Chemical Corp. 


> Uranium as well as fertilizer can be obtained by treating this Florida phos- 
phate deposit with sulfuric acid. This is one of many instances of the use of 
chemical energy to recover metals from natural deposits through the use of 


sulfur compounds. 


Sulfur For Survival 


by Wn. H. Waccaman, Bureau of Mines, and 
lames A. Barr, Defense Minerals Administration, Department of the Interior 


» For more than forty years millions 
f gallons of hot amber colored liquid 
iave been flowing from deep wells 
lrilled near the Gulf Coast in Louisi- 
ina and Texas. Gushing out of great 
pipelines this heavy liquid discharges 
nto the most gigantic molds ever con- 
structed. Here it cools and hardens to 
1 pale yellow solid which is later 
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broken up and shipped to manufactur- 
ing plants throughout the world. This 
is elemental sulfur or brimstone, po- 
etically called “liquid sunshine” or 
“industrial gold.” 

Last year chemical industries that 
had grown to depend on American 
sulfur, were shocked to learn that the 
life of our large and better known 





deposits was ebbing away and a sulfur 
shortage was imminent. This year 
the shortage is an actuality: quotas 
have been cut, industries are being 
urged to economize, as far as possible, 
on their use of sulfur and manufac- 
turers of sulfuric acid advised to seek 
other sources of raw materials even at 
a substantial increase in cost. 

The terms sulfur, brimstone and 
sulfuric acid do not engender any 
degree of enthusiasm in the mind of 
the average adult. Many of us still 
retain highly unpleasant memories 
concerning sulfur and molasses, that 
nauseating concoction which Grand- 
ma considered the best of tonics for 
her protesting offspring; the eloquent 
revivalist continues to convert the 
backslider by vividly describing the 
discomforts of a bath of molten and 
burning brimstone which awaits the 
unrepentant sinner; oil of vitriol or 
sulfuric acid (the main product of 
sulfur) is chiefly known as a highly 
corrosive liquid that will eat our flesh, 
dissolve our bones and generally raise 
hob with nearly all animal, vegetable 
and mineral matter. 

With such a revolting picture of 
sulfur and its derivatives, ordinary 
folks may well ask why this Nation 
should be mining more than five mil- 
lion tons of brimstone annually, con- 
suming a million tons of pyrites, a 
sulfur bearing ore, manufacturing over 
twelve million tons of sulfuric acid 
and carrying on an intensive research 
and development program in efforts to 
secure additional supplies of these ob- 
noxious products. 


The answer to this question is 
simple: sulfur and sulfuric acid rep- 
resent chemical energy that when 
properly controlled and judiciously 


? 


applied is instrumental in furnishing 
innumerable products necessary in 
our daily life. Without it the advance 
of civilization would come to an 
abrupt and disastrous halt. From 
dawn to dusk, and throughout the 
night, sulfur and its compounds serve 
us unceasingly, but due to the fact 
that they lose their identity and sel- 
dom appear in manufactured prod- 
ucts, they get little credit for their 
valuable services. 


It is not difficult, for instance, to 
recognize the presence of iron, cop- 
per and other metals in fabricated 
products, but there is no evidence of 
the important role played by sulfur 
and sulfuric acid in the recovery of 
these metals from their natural de- 
posits or in the subsequent processing 
steps that convert them into steel rails, 
automobiles or chromium plated ciga 
rette lighters. We all know that oil 
and gasoline are derived from petro 
leum, but how many of us realize they 
have been refined and rendered suit- 
able for use through the agency of 
sulfuric acid. Most of us appreciate 
the fact that fertilizer helps to insure 
adequate crops to feed our own peop'e 
and provide surplus for less fortunate 
nations, but there is nothing on the 
label of the fertilizer bag to indicate 
that the product contains sulfur com 
pounds or that sulfuric acid is largely 
responsible for the manufacture of 
this all important commodity. In sul 
fur, the American chemical industry 
possesses a tireless servant that per 
forms a multiplicity of chores, yet 
modestly fades into the background 
after its tasks are completed. 


Pure sulfur is a lemon colored, brit 
tle crystalline solid that melts to a 
liquid at a temperature somewhat 
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—Photo courtesy Freeport Sulfur Co. 


> Suirur storage piles in the background of the Hoskins Mound plant in 
Texas contain over 1,000,000 tons of the element, currently priced at fully 


$22,000,000. 


ibove the ordinary boiling point of 
water. It burns with a pale blue flame, 
ombining with the oxygen of the air 
to form sulfur dioxide, a suffocating 
gas the odor of which is familiar to 
those who have used sulfur candles 
or fumigating purposes or the old 
ulfur match which is now virtually 
obsolete. In ancient times the ghost- 
ke g'ow and penetrating fumes of 
uurning sulfur were used very effec- 
ively by alchemists and soothsayers 
© impress prospective clients with 
ieir scientific knowledge or intimacy 
ith the spirit world. 
The sulfur dioxide gas resulting 
om the burning of sulfur, when 
ombined with a further quantity of 
xygen, reacts with water to form 
ilfuric acid, the most widely used 
1anufactured chemical and also the 
veapest. Fully 180 plants strategic- 
lly located throughout the United 
tates are turning out more than 12,- 
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000,000 tons of this acid anually, yet 
there is a pressing demand for more. 
As far as quantity is concerned, sul- 
fur ranks fifteenth among the ninety- 
six odd known elements that make up 
the gaseous, liquid and solid constitu- 
ents of this earth. But while widely 
distributed in nature its tendency to 
react with or be wedded to other 
elements is so strong that sulfur is 
only found in the free or uncombined 
state under rather unusual circum- 
stances. Such conditions prevail in 
volcanic areas and also existed dur- 
ing the formation of certain unique 
deposits that are now being actively 
worked in Louisiana and Texas. 
There are two main types of sulfur 
compounds occurring in natural de- 
posits: Sulfide ores, such as pyrites 
(iron sulfide) wherein the sulfur is 
directly combined with one or more 
metals, and oxidized minerals, such 
as calcium sulfate or gypsum. Im- 
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mense deposits of both these types of 
sulfur compounds occur in many 
parts of the world, but they are by 
no means fully utilized. 


Sulfur is so strongly bound in 
gypsum and other natural sulfates 
that its separation or recovery re- 
quires the expenditure of considerable 
energy and hence is only economically 
feasible under special circumstances. 
On the other hand, in roasting metal- 
lic sulfides preparatory to smelting, 
sulfur dioxide is produced which may 
be converted into sulfuric acid just 
as is the case where elemental sulfur 
is burned. Since sulfide ores consti- 
tute our chief sources of copper, lead 
and zinc—metals that must be vir- 
tually free from impurities before they 
are suitable for use—the vast tonnages 
of sulfur dioxide that must be driven 
off in refining these ores represent an 
immense potential source of sulfuric 
acid. 


Elemental sulfur, however, has so 
many advantages over pyrites and 
other sulfide ores that the sulfuric acid 
manufacturer prefers to use it even 
though the price of contained sulfur 
is appreciably higher than that in the 
form of sulfide. Sulfur can be readily 
and cheaply transported, when burned 
it leaves no ash or residue, and one 
ton will yield nearly three tons of 
sulfuric acid. On the other hand, a 
ton of the highest grade sulfide ore 
will yield less than one and a half 
tons of sulfuric acid and leaves a 
bulky residue or cinder equivalent to 
more than 60 percent of the weight 
of the original material. In addition, 
a sulfuric acid plant designed to burn 
sulfur is cheaper to construct and 
more economical to operate than one 
equipped to handle pyrites. It is not 
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surprising, therefore, that wherever 
sulfur is available at a reasonable 
price, acid manufacturers have adapt- 
ed their plants to use it. 


Fifty years ago American sulfur 
was hardly a factor in the world mar- 
ket. Although Japan and certain other 
countries produced appreciable quan- 
tities, the bulk of this element came 
from Sicily. In spite of the fact that 
these latter deposits were mined and 
processed by rather inefficient meth 
ods, the Sicilian operators held a near 
monopoly on the sulfur industry and 
were in a position to cash in hand- 
somely. 


The fact that deep seated deposits 
of sulfur were known to exist in 
Louisiana, and much larger occur 
rences were later found ‘in similar for- 
mations in Texas, did not alter the 
world’s sulfur situation for many 
years. In these domestic deposits the 
sulfur occurs distributed throughout 
a cap rock of limestone overlying 
dome-like formations of rock salt. Al 
though the sulfur-bearing strata vary 
greatly in richness and extent, som: 
of these deposits contain many mil 
lions of tons of elemental sulfur. Th 
question was how it could be recov 
ered. Numerous attempts to appl; 
conventional mining methods to thes 
domestic deposits resulted in cost! 
failures as well as in tragic loss of lit 
due to the poisonous nature of th 
sulfurous gases encountered. F< 
several decades after its discovery, thi 
potential wealth lay buried and do 
mant, of no more value than the un 
discovered treasure of Captain Kidc, 
because we lacked the necessary mii 
ing “know how.” 


In the early nineties, however, 
German born American, Herma 
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Frasch, proposed and patented what 
nost smart geologists and chemical 
‘ngineers at that time dubbed a 
‘highly impractical” scheme for re- 
overing sulfur from these deep seat- 


ed deposits. Briefly, this process in- 


volved pumping hot water down to 
the sulfur bearing strata thus melting 
the sulfur into pools and forcing it to 
he surface in liquid form. 


Like nearly al! authors of revolu- 
tionary developments, Frasch had a 
hard time interesting capital in his 
“crackpot” idea. Although his first 
demonstration on a semi-commercial 
scale proved that the process was tech- 
nically feasible, so many operating dif- 
ficulties developed that the scheme 
was pronounced economically un- 
sound. 


But Frasch was not easily discour- 
aged and after ten years of heart- 
breaking effort he overcame preju- 
dice, improved and simplified certain 
features of his process, and had it 
adopted by large corporations fully 
capable of developing it on an exten- 
sive scale. By 1912 American sulfur 
produced by the Frasch method not 
only was able to compete with, but to 
undersell that mined by anybody any- 
vhere. It is now pretty well agreed 
hat Herman Frasch, born on De- 
cember 25th, 1851, was just about the 
most valuable Christmas gift the 
\merican chemical industry ever re- 
ceived. 

Not only is sulfur produced more 
heaply in the United States than any- 
vhere else, it is recovered in such a 
ure form that for most uses no 
urther refinement is necessary. 


With the exception of Soviet Rus- 
a and her satellites, the nations of 
he world have grown to depend more 
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and more on American sulfur. Cer- 
tain industries therefore have been 
geared to or revamped on the as- 
sumption that we could continue to 
supply world needs. From the stand- 
point of our good neighbor policy 
as well as good business, this appeared 
to be an excellent arrangement and 
for ten years the flow of sulfur to 
our friends and allies has proceeded 
in a steady and orderly manner. Prior 
to World War II the relation of sup- 
ply and demand was such that Ameri- 
can sulfur was practically “running 
out of our ears” and the producers 
were feverishly seeking new uses and 
markets to reduce their enormous 
stocks. Today it is a far different 
story, the years of our better known 
sulfur deposits are numbered. Even 
though the annual output of domestic 
sulfur has been more than doubled 
since 1939 the enormous stockpiles 
have now dwindled in size and cur- 
rent production is insufficient to meet 
the increased demand. It is axiomatic 
that no mineral product can last for- 
ever and our reserves of elemental sul- 
fur are by no means as great as those 
of many other essential raw materials. 
Expansion of agricultural production 
which calls for large quantities of 
fertilizer, reconstruction of foreign 
war-ridden industries and the prepara- 
tion of Europe as well as of this 
country for defense against possible 
aggression have caused a terrific strain 
on our known sulfur reserves. More- 
over large new deposits are not being 
discovered at a rate that keeps pace 
with the depletion of old ones. A sul- 
fur shortage constitutes a threat to our 
food, fuel and metal supplies: it can 
seriously hamper transportation facili- 
ties and deal a crippling blow to our 
all important defense program. 


The old saying “we never miss the 
water ti!l the well runs dry” describes 
a shortsighted policy which gives lit- 
tle heed to future needs. Modern in- 
dustry realizes the disastrous conse- 
quences of such a policy and is fully 
awake to the necessity of providing 
a continual flow of vital mineral prod- 
ucts. The sulfur producers therefore, 
not only have been conducting a 
vigorous drilling campaign in a search 
of new sources of supply, but have 
laid the facts before the United States 
Geological Survey, the Bureau of 
Mines and other government agen- 
cies, soliciting their aid to meet what 
could well prove a highly dangerous 
situation. 

Immediate steps were taken to ap- 
praise as far as possible our potential 
sulfur reserves, investigate means of 
extracting this element as well as its 
more valuable derivatives from low 


grade deposits and recover it as a by- 
product of other industries. In addi- 
tion, the possibilities of using less sul- 
furic acid to effect the same results 
are being weighed and the economies 
of employing other mineral acids as 
substitutes are under investigation. 


The largest natural occurrences of 
sulfur in combined form from which 
this element can be most readily re- 
covered are the sulfide ores that are 
annually mined and processed in im- 
mense quantities. As indicated prev- 
ious!y, the sulfur in these ores must be 
removed before the metals they con- 
tain are suitable for use. In elimin- 
ating such sulfur, enormous volumes 
of sulfur dioxide are evolved, a gas 
which is toxic to both animal and 
plant life, but capable of yielding val- 
uable products. 


Not long ago, in a rather fantastic 


but authentic industria! drama, cer- 
tain large producers of copper and 
other metals were forced into a busi- 
ness they had done their best to avoid. 
Sulfur dioxide is a rather heavy gas 
which has a tendency to settle even 
when discharged from tall stacks de- 
signed to dilute the gas before it 
reaches the ground. Vegetation in the 
vicinity of the smelters soon disap- 
peared and, as these plants continued 
to operate and the fumes were carried 
by prevailing winds, farms and 
ranches miles way began to show the 
effect of sulfur poisoning. 


The blame for damages to crops 
was traced to the smelters and in- 
junctions were issued whereby their 
owners were given the choice of either 
shutting down their plants or collect 
ing this obnoxious gas. They chose 
the later course and reluctantly 
erected elaborate and costly plants for 
converting the sulfur dioxide into 
sulfuric acid, hoping that their pro 
fits would not be too greatly curtailed. 
But instead of proving a hardship it 
was found that the acid produced not 
only fully warranted the additional 
investment but paid handsome divi 
dends. In the case of one copper com 
pany, at least, it is difficult to say 
which is now its most profitable prod 
uct — copper or sulfuric acid. 

What has been done previously can 
certainly be done again and wit! 
greater efficiency because of our im 
proved technology in acid production 
Unquestionably the smelting compan 
ies can push up the annual output o 
by-product sulfuric acid by severa 
million tons from the sulfide ore 
normally processed. Moreover, the) 
could expand the production of thi 
chemical even further by using the 
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—Photo courtesy Texas Gulf Sulfur Co. 


> Loapine sulfur into railroad cars, after the walls of the vat have been re- 
moved. The sulfur solidified into this immense cake after being melted deep 
in the ground and pumped into the vat in the liquid state. 


pyrites (iron sulfide) tailings now dis- 
carded in preparing the ore concen- 
trates for furnace treatment. These 
companies are able and willing to in- 
crease their acid manufacturing facil- 
ities provided a market is assured for 
the product. With the growing use of 
sulfuric acid an expanding market 
xists today and the demand promises 
to continue for several years at least. 

It is a curious paradox that while 
the presence of sulfur and its com- 
pounds in petroluem is highly ob- 
ectionable, sulfuric acid is employed 
in enormous quantities for refining 
petroleum products; in other words, 
we can use an impurity as a purifying 
gent. 

The sulfur is usually present in oil 
and natural gas as hydrogen sulfide, 
\ highly poisonous compound with 
the nauseating odor of rotten eggs. 
To remove this noxious compound 


Ocroser 1951 


from oil and gas, an organic liquid or 
solution having the power of selective- 
ly absorbing it is usually employed. 
After this liquid has been largely sat- 
urated with hydrogen sulfide, the lat- 
ter is expelled in concentrated form 
and the absorbing liquid is used over 
again. 

Until recently, much of this hydro- 
gen sulfide was burned or wasted, but 
as the shortage of sulfur developed, 
the refiners and distributors of oil and 
gas realized they were throwing away 
a valuable asset. Some of these com- 
panies have taken steps to recover the 
hydrogen sulfide and convert it either 
into elemental sulfur, that can be mar- 
keted directly, or into sulfuric acid 
which they employ in their own pro 
cesses as a refining agent. 


Texas and southeastern 
Mexico, for instance, natural 


In west 


New 


gas production is approximately two 
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billion cubic feet per day. This 
amount of gas contains fully 400 tons 
of sulfide, and though very little is 
actually utilized, 60 percent is re- 
moved from that portion of the gas 
which is injected into the pipelines 
for distribution. Since the life of this 
gas field is estimated at fully 20 years, 
here is a potential supply of sulfur 
amounting to nearly 1,500,000 tons. 
In addition the oil and gas being pro- 
duced in Wyoming is sufficient to 
supply 500 tons of sulfur per day for 
a period of 25 years or a total of 4,- 
500,000 tons. 


Sulfur recovery plants now being 
operated in this country have a total 
rated capacity of more than 300,000 
tons per year and, as the market war- 
rants, further quantities no doubt will 
be recovered. 


Were it not for the fact that electric 
power has been substituted for the 
chemical energy contained in sulfuric 
acid, the drain on our sulfur resources 
would be even greater than it is. For- 
merly, the bulk of the phosphoric acid 
used in manufacturing such products 
as baking powders, cleansing com- 
pounds and medical preparations was 
obtained by treating finely ground 
bone or phosphate rock with sulfuric 
acid. Today nearly all phosphate pro- 
ducts except fertilizers are obtained 
through the medium of the electric 
furnace and thus at least three quar- 
ters of a million tons of sulfuric acid 
have been released for use in other 
important industries. Futher improve- 
ments and economies may eventually 
make electric power competitive with 
sulfuric acid in the manufacture of 
phosphatic fertilizers. Should this be 
accomplished, large additional quan- 
tities of sulfuric acid or elemental sul- 
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fur would be made available for pur- 
poses wherein its use is indispensible. 


The substitution of other mineral 
acids such as nitric and hydrochloric 
for sulfuric acid in certain industries 


has been the object of considerable re- 
search, and has gained considerable 
headway where ammonia is converted 
into ammonium nitrate instead of 
ammonium sulfate. In the final an- 
alysis, manufacturing processes are 
based primarly on economic consider- 
ations and in sulfuric acid we have 
one of the cheapest means of bringing 
about the chemical changes that make 
for lower cost finished products. 


From time to time chemical engi- 
neers and other technical men have 
predicted that the demand for sulfur 
and sulfuric acid is likety to fall off, 
due to the development of other prod- 
ucts better suited for certain industrial 
tasks. Such predictions often prove 
rather embarrassing to the predictors, 
particularly when the demand for sul- 
furic acid promptly soars to a new 
high. 

From a long range viewpoint how- 
ever the sulfur picture is not too drab. | 
It has been recently reported that a 
new and substantial deposit of sulfur 
has been discovered in Louisiana. 
Moreover there is reason to expect 
that American ingenuity and_ skill 
will find a way to exploit our mar- 
ginal deposits and recover large ton- 
nages of this element as a by-product 
of other industries. It is a pressing 
problem however, that is command- 
ing the attention of outstanding geol- 
ogists and conservationists as well as 
some of our best mining and chemical 
engineers. 

Perhaps no more tangible proof of 
our dependence on sulfur and its de- 
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rivatives can be offered than by re- 
counting the part it plays in the daily 
routine of an average American fam- 
ily. 

When we wake up in the morning 
to the mocking bird’s trill — or more 
likely to the harsh clang of a three- 
dollar alarm clock, the clothes we don, 
whether they be of cotton, wool, or 
a certain synthetic fiber, have been 
produced indirectly by the aid of 
some sulfur compound. If they are 
white, sulfur dioxide probably played 
a part in bleaching them, and if of 
varied hue, a sulfur-bearing dye is 
responsible for their fast colors. 

As Junior imbibes his vitamins in 
the form of orange juice and gulps 
his breakfast cereal, sulfur should be 
accorded credit for the part it has 
played in providing fungicides to pro- 
tect the citrus fruit against the rav- 
ages of parasites, and for the fertilizer 
which promotes the yield of cereal 
crops. A sulfur compound has also 
been employed in refining the sugar 
that the American family consumes 
so liberally. 

The sleek car of which the family 
is so proud owes its smooth steel sur- 
face and chromium trim to pic \'ing 
and plating baths containing sui:uric 
acid. As mother steps on the starter to 
drive her husband to the 8:15 subur- 
ban train, the storage battery contain- 
ing su'furic acid furnishes the zip 
that turns over the engine. The fuel 
in the gas tank and the oil in the 
crank case have been refined by means 
of this same acid, while the rubber 
tires that we devoutly hope are good 
for at least 10,000 more miles, owe 
their toughness and resilience to the 
vulcanizing power of sulfur. 

When Dad arrives at the office and 
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picks up the telephone, or mother 
calls in her order to the corner gro- 
cery, their voices are sped over wires 
by an electric current insured against 
interruption by storage batteries filled 
with sulfuric acid. 

The steak dinner which so few can 
now afford, and the lowly hamburger 
that must be substituted to live within 
a slender budget, are both derived 
from beef. Since cattle are fattened 
with grain and fodder requiring the 
application of fertilizer, sulfuric acid 
is a liberal contributor to our meat 
supply. 

If the family takes in an early 
movie, the miles of photographic film 
depicting the love life of shapely siren 
or the latest adventures of Mickey 
Mouse have been produced by means 


‘of sulfuric acid. When Dad relaxes in 


his easy chair and takes a deep draw 
on his favorite pipe he can thank a 
compound of potash and sulfuric acid 
for the mellow flavor of the tobacco, 
and as he glances over the screaming 
head'ines of page 1, scans the latest 
market reports and assesses the pen- 
nant chances of the local bal! club, he 
is reading news printed on paper pro- 
duced through the agency of sulfur. 

In the past, when the baby woke up 
with a croupy cough or Junior de- 
veloped a “strep throat” anxious par- 
ents spent many sleepless nights fear- 
ing the worst. Now it is a pretty safe 
bet that the family doctor will prompt- 
ly administer one of the so called 
“miracle drugs.” This may consist of 
an organic compound of sulfur that 
gets at the seat of the trouble and soon 
brings the youngster back to normal. 

Although it may seem a far cry 
from a peaceful American home to 
the flaming Korean battle front, sul- 
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fur also is vital in the production of 
armor and the weapons we must have 
for combat. 


Tanks, airplanes, ships and the 
power required to move them depend 
on adequate supplies of sulfuric acid. 
Guns, ammunition and high explos- 
ive shells call for immense tonnages 
of this chemical. Hence a nation 
which lacks the raw material and the 
means to produce this important sul- 
fur compound is in-no position to de- 
fend itself. 


A recent development that may 
have far reaching effects concerns the 
extraction of uranium in our Florida 
phosphate deposits by means of sul- 
furic acid. While the percentage of 


uranium present is relatively low, ap- 
proximately seven million tons of this 
rock are mined annually and most of 
it is treated with sulfuric acid to pro- 
duce phosphate fertilizer. In this pro- 
cess the acid may serve a dual pur- 
pose, yielding a plant food for increas- 
ing crop production and an element 
from which atomic energy is derived. 


But whether sulfur provides us 
with weapons for defense or furnishes 
those products that have raised our 
standard of living so far above that of 
any other nation, it is our feverent 
hope that this element will serve the 
cause of a just and lasting peace with- 
out which civilization and perhaps 
the human race may not survive. 


On the Back Cover 


> Srreams of molten sulfur forced 
from wells i000 feet in depth gush 
into immense molds covering areas 
equivalent to six or more city blocks. 
Photograph from the U. S. Bureau 
of Mines. 


Red Paint From Pickle Liquor Waste 


> Rep paint can be made from waste 
water from iron processing industries 
by a continuous automatic salvaging 
process reported to the American 
Chemical Society by Drs. C. C. De- 
Witt and M. D. Livingood of Michi- 
gan State College. 


They found that pigments ranging 
in shade from black through brown 
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to bright red were obtained from 
liquids like those from industrial 
pickle liquors in a study carried on at 
Michigan. 

The scientists then built a pilot 
plant to oxidize and concentrate the 
red pigment by continuous automatic 
process. 
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Political Leaders Greet Chemists 


At Diamond Jubilee Meeting 


A. C. 8. Holds 75th Birthday Party 


> Cuemists, gathered in New York 
in September to attend the celebra- 
tions in honor of 75 years of American 
chemistry, heard themselves praised 
by political leaders of the nation and 
the community. 


President Truman solemnly warned 
them that “reckless, irresponsible cri- 
ticism” of persons differing from the 
majority in their thinking threatens 
to “confine us to a mental strait- 
jacket.” 

In a special message to the Ameri- 
can Chemical Society, the President 
declared that personal freedom is in 
more serious danger today than at any 
time in our national history. There 
can be no question, he said, about the 
urgent necessity of building strong 
defenses against communist totalitar- 
ianism. But liberty can be endangered 
by the “Right” as well as by the 
“Left.” 

Pointing out that many ideas—sci- 
entific as well as social—which are 
now universally accepted were once 
considered radical, the President de- 
plored what he called the increasing 
frequency of emotional attacks upon 
men and women whose ideas are, or 
once were, different from those of the 
majority. “Progress will come to an 
end,” he said, “if Americans are ever 
afraid to experiment boldly with new 
ideas.” 

The role of chemistry in promoting 


international understanding was 
stressed by the Hon. Alben W. Bark- 
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ley, speaker at the banquet on Sep- 
tember 5. 


“As a layman,” he explained, “I am 
reminded that chemists speak a uni- 
versal language. They were among 
the first scientists to accept an inter- 
national set of symbols with which to 
identify the basic elements. Thus, the 
symbol for water is the same in any 
language. As a frequent banquet 
speaker I am promised relief by the 
fact that any druggist in any land 
would recognize the symbol for bi- 
carbonate of soda. 


“These symbols, that are so much a 
part of your thinking, refer specifical- 
ly to the individual atoms that com- 
prise the universe. Thus, the chemist 
may be credited, or accused, accord- 
ing as one may view the situation, 
with having opened the Pandora’s box 
from which has come forth this atomic 
age in which we now find ourselves. .. 

“We are living in an age of chemi- 
cal revolution. Chemistry holds the 
key to much of our future. It holds 
the secret of wealth from waste, the 
key to substitutes for scarce materials, 
and the source of much of our future 
food. In company with scientific ag- 
riculture, it has already postponed the 
time when the prophecy of Malthus 
may be realized. How long that pro- 
phecy may be deferred depends in 
large part upon the intelligence and 
the ingenuity of chemists and chemi- 
cal engineers. It depends upon what 
can be derived from a lump of coal, 
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trom the lowly potato, from the trunk 
and leaves and roots of trees, and 
from the very soil itself. 

“No man, no group, no nation has 
a monopoly on this science of chemis- 
try. The development of chemistry is 
the product of civilized man. It is a 
prime example of the fruits of inter- 
national co-operation that transcends 
all boundaries but those of man’s 
struggle with his natural environ- 


” 


ment.... 


In greeting the assembly, the Gov- 
ernor of New Jersey, Hon. Alfred E. 
Driscoll, spoke on politics in an age 
of science. 

“In an era of pessimism and ten- 
sion you have produced abundant evi- 
dence that mankind, if it wills to do 
so, may look forward to the future 
with optimism and even enthusiasm. 
Your accomplishments prove there 
need be no limit to progress. It is sig- 
nificant that the founders of this so- 
ciety in 1876 expressed a hope, in good 
measure realized, that its objectives 
would foster public welfare and edu- 
cation, aid the development of our 
country’s industries, and add to the 
material prosperity and happiness of 
our people. 


“Within a comparatively short per- 
iod of time we have suddenly acquired 
a vast amount of physical knowledge. 
It is one of the peculiarities of our 
age. The impact of this sudden ac- 
quisition of scientific knowledge has 
been almost catastrophic. There is 
neither a science nor an art nor an 
institution which is the same, or even 
nearly the same, as it was fifty years 
ago. The application of this knowl- 
edge has led to a multitude of new 
inventions which have affected almost 
12 


everything we do. These results we 
can feel and touch and measure. But 
more important are the things we do 
not see—a new world of ideas which 
has had as great an impact upon our 
spiritual lives as science has had upon 
our physical lives. 

“As I consider your adventures, en- 
joy your .achievements, and ponder 
the consequence of the new powers 
you have given mankind, for good or 
evil, | am uncomfortable in the knowl- 
edge that the science of government 
has failed woefully to keep pace with 
your achievements. This is one of the 
great failures of our time that must 
now be overcome by your colleagues 
in the field of social discipline... .” 


Mayor Vincent R. Impe'litteri pro- 
claimed the week of September 2-8 
“Chemistry Week in New York 
City,” in honor of the American 
Chemical Society’s founding in New 
York in 1876. 

“The advancement of chemical sci- 
ence, research and technology has con- 
tributed to the material prosperity and 
happiness of our people and to the 
cultural enrichment of our lives, and 
has become a foundation of many of 
our country’s great industries and a 
source of employment to many per- 
sons in this community,” the Mayor 
said in his proclamation, which called 
upon the people of New York to 
“mark the occasion with appropriate 
observances and activities.” 


The first United States commemora- 
tive stamp to honor a scientific or- 
ganization was issued at ceremonies 
held at the General Post Office when 
an album containing the first sheet of 
the 3-cent American Chemical Society 
stamps was presented by Assistant 
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Postmaster General Osborne A. Pear- 
son to Dr. N. Howell Furman, presi- 
dent of the Society. 

“Chemistry—Key to Better Living” 
was the theme of an impressive array 
of exhibits at Pennsylvania Station, 
Grand Central Terminal, the General 
Postofiice at 8th Avenue and 33d 
Street, the New York Public Library 
and numerous other public places dur- 
ing the World Chemical Conclave. 


Predictions by a score of the nation’s 
foremost chemists of conquest of polio 
and the common cold, rocket travel 
to the moon, drinking water from the 
sea, synthetic food from abundant ma- 
terials, and universal two-way radio or 
television between all homes were 
forecast for the next 75 years in a poll 
taken by the American Chemical So- 
ciety’s magazine, Chemical and Engi- 
neering News. 


Precursors of Vitamin B 12 


> Discovery of chemical compounds 
that are precursors of vitamin B 12 
essential in animal growth was an- 
nounced to the American Chemical 
Society by Dr. J. J. Pfiffmer and a 
group of chemists from Parke, Davis 
and Co., Detroit. 

An organism not yet completely 
identified was found in the stomach 
of cows and it produced a mixture of 
cobalt-containing pigments, two of 
which were isolated in crystalline 
form. These two forms of what is 
called pseudovitamin B 12 do not in 


Blood Chemicals 


> Tet-race chemicals in the blood 
that give doctors clues to disease and 
infection have emerged from research 
at the Worcester Foundation for Ex- 
perimental Biology. 

The new indicators are cholesterol 
impurities in the blood. Whether they 
are substances from which cholesterol, 
fatty substance in the blood, is made 
or whether they are breakdown prod- 
ucts is being sought by Drs. Erwin 
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themselves produce the spurt in chick 
growth that true vitamin B 12 does, 
but they are used in the alimentary 
tract of cud-chewing animals to manu- 
facture the B 12 vitamin which cows 
and other such animals provide for 
themselves. 

Because quantities of B 12 vitamin 
are being used in feeding chickens and 
pigs, the newly discovered interme- 
diate products may prove of use in 
the possible artificia! manufacture of 
this chemical. 


Tell of Disease 


Schwenk and Nicholas T. Werthessen. 

The damaged liver produces more 
cholesterol than the normal organs, 
the Worcester experiments with radio- 
active carbon labeled chemicals have 
shown. Because cholesterol has been 
blamed for hardening of the arteries 
and even cancer, the way in which it 
is formed and what happens to it in 
the living body is being intensively 
studied. 
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Reaction of Chemistry 
On Future Politics 





Skeptical Chemist and Crystal Ball 


by James Bryant Conant 


Excerpt from an Address by the hon- 
orary president of the Twelfth Inter- 
national Congress of Pure and Ap- 
plied Chemistry, presented at the 
Ceremonial Session of the American 
Chemical Society Diamond |ubilee 
Meeting, New York, September 5, 
1951. 
> Ler ME turn to my crystal ball and 
try and glimpse the outlines of the 
balance of the twentieth century. In 
so doing I wrap the mantle of Robert 
Boyle around me, for he was the 
original skeptical chemist, you will re- 
call. He was skeptical of the claims of 
the alchemist, and I shall follow in 
his footsteps to the extent of question- 
ing the prophecies of some of the 
modern alchemists, — our friends the 
atomic physicists. For I see in my 
crystal ball, — to be sure a plastic one, 
as befits a chemical age,— I see in 
this instrument of prophecy neither 
an atomic holocaust nor the golden 
abundance of an atomic age. On the 
contrary, I see worried humanity en- 
deavoring by one political device after 
another to find a way out of the 
atomic age. And by the end of the 
century this appears to have been 
accomplished, but neither through the 
triumph of totalitarianism nor by the 
advent of world government. 

Unless my readings are vitiated by 
a huge systematic error, the next fifty 
years prove that human nature is 
tough and unyielding to a high de- 
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gree. Neither the forces of good nor 
evil prevail to the extent that has been 
prophesied by some writers in the 
last few years. The year 1984, for ex- 
ample, does not glare with menace in 
my crystal ball. Men and women still 
continue to be unregimented in many 
portions of the world. Paris, Berlin, 
London, New York, Moscow still 
stand physically undamaged by any 
enemy action since World War II. 
They still represent focal points for 
diverse national outlooks, though the 
alignment has shifted first one way 
and then another since 1951. The 
Marx-Lenin dogmas are still honored 
in vast areas, but so too are the 
watchwords of the 18th century 
French and American Revolutions: 
Liberty, Equality, Fraternity. But 
time and local conditions have greatly 
modified the operational meaning of 
both the philosophies of dialetical 
materialism and Christian rationalism. 
As to the philosophical presupposi- 
tions which underlie that extraordin- 
ary social and political phenomenon 
of the second half of the 20th cen- 
tury, the awakening of the Far East, 
— they cannot be even suggested to a 
mid-century audience of Westerners. 


The fine structure of the future is 
beyond the resolving power of my 
equipment. That I may as well con- 
fess. Therefore, the new scientific dis- 
coveries, the new theories, the var- 
ious minor revolutions in physics and 
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inorganic chemistry are not discern- 
ible. As to those major revolutions in 
biochemistry, which by 1985 has be- 
come the recognized successor to what 
was once called biology, to these 
epochal events I need only allude in 
passing. What must be described are 
the slow but steady changes in the 
production of energy and food. The 
era of liquid fossil fuels is by the close 
of the century coming to an end, and 
the worry about future coal supplies 
is increasing. For reasons I will ex- 
plain in a moment, atomic energy has 
not proved to be an expedient way 
of lengthening the period in which 
man taps the sources of energy stored 
in the earth’s crust. Solar energy, on 
the other hand, is already of signif- 
icance by the time the American 
Chemical Society celebrates its 100th 
anniversary, and by the end of the 
century is the dominating factor in 
the production of industrial power. 
The practical utilization of this inex- 
haustible source of energy, together 
with the great changes in the produc- 
tion of food, has already had enormous 
effects on the economic and hence 
political relation of nations. With 
cheap power the economical produc- 
tion of fresh water from sea water be- 
came a reality. This was about 1985, 
and made more than one desert ad- 
jacent to a seacoast a garden spot. 
This last statement may seem to some 
of you altogether incredible. Let me, 
therefore, insert at this point a tech- 
nical footnote, so to speak. You must 
understand that my apparatus which 
forecasts the future operates on a 
special principle. I feed into it certain 
ideas which might lead to revolution- 
ary innovations at least in theory but 
are now regarded as impossible. The 
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machine then scans the future decade 
by decade on the frequency of the 
idea in question. If the results were 
not at times surprising, there would 
be little use of such a piece of equip- 
ment, I am sure you as scientists will 
all agree. I might note parenthetical- 
ly that it is an interesting fact that as 
regards the possibility of distilling 
fresh water from the ocean, no one 
has publicized the well-known fact 
that in theory the energy require- 
ments are extremely low. For ex- 
ample, one gallon of gasoline provides 
cn combustion somewhat more energy 
than that theoretically required to 
distill 9,000 gallons of fresh water 
from the ocean. (Notice I say “ener- 
gy,” not “heat,” for as many of you 
are well aware it is mechanical energy 
that is required in the modern com- 
pression stills.) A corresponding theo- 
retical figure which has been given 
wide publicity is the energy content 
of a few grams of Uranium 235 
which are said to contain enough 
atomic energy to drive the Oueen 
Elizabeth around the world. The one 
figure has perhaps as much relevance 
to future practice as the other. 


Agriculture 


But let me return to the question 
of the future of agriculture. The use 
of new techniques has made the world 
food situation in 1999 something 
quite different from what it was fifty 
years before. 

These alterations coupled with the 
discoveries about the relation of diet- 
ary factors to the birthrate and the 
rapid rise in the standards of living 
in nations once overcrowded seem to 
provide the new century —the 2]st 
— with an answer to Malthus. The 
problem of overpopulation, while not 





15 





solved, promises to be in hand before 
2050. This last forecast may seem to 
you clear evidence that my prophetic 
machinery has gone wrong, that my 
crystal ball is cracked. But let me add 
a microphone to my equipment and 
listen in to what people are saying 
about this subject as the 21st century 
dawns. They date the changed atti- 
tude towards population to the year 
1951 when Nehru advocated the es- 
tablishment of birth control clinics in 
India and 1961 when the biochemists 
made available cheap and harmless 
anti-fertility components to be added 
as one saw fit to the diet. As the de- 
cades went by and the 20th century 
drew to a close, the attitude of the 
religious leaders of the world on this 
subject, so they say, completely altered 
without any diminution of religious 
feeling. 

Fuels 


Turning to fuels, I find that from 
carbon monoxide and hydrogen, the 
chemist was producing not only liq- 
uid fuels but all manner of chemicals 
early in the second half of the 20th 
century. This revolution in industrial 
chemistry, by the way, led to the pre- 
mature senility of more than one 
teacher of organic chemistry, for in 
place of the orthodox transformations 
the rebellious student now substitutes 
“process gas” plus a suitable catalyst 
and who can say he is wrong? I note 
in passing that by 1990 the beverage 
industry is based entirely on synthetic 
ethyl alcohol, microorganisms being 
used only for a minor fermentation 
to give flavor as is now the case in 
producing sherry. Carbohydrates are 
used no longer for producing beer or 
wine or distilled spirits. 


The problem of conserving the fos- 
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sil fuels still left has become closely 
related to the problem of the economic 
production of carbon monoxide. Each 
area of the world came up with dif- 
ferent answers, but as the century 
came to a close those answers ap- 
peared to be converging. The under- 
ground gasification of coal, the con- 
version of cheap crops into process 
gas are just two of the ways found 
for supplying the chemical factories 
of each nation with adequate raw 
material. The so-called extractive in- 
dustries are now transformed into 
chemical industries, the completion of 
a revolution which started in the 


United States after World War I, 
when chemical engineering entered 
the petro!eum industry. 


But how did the industrialized na- 
tions of the world avoid deindustrial- 
izing each other by atomic bombs, 
you may inquire? Only by the nar- 
rowest of margins, is the answer; and 
only because time and again when 
one side or the other was about to 
take the plunge during the period of 
intensive armament that preceded the 
great settlement, the expert military 
advisers could not guarantee ultimate 
success. Of course, the turning point 
was in 1950, the first year when col- 
lective security became a reality. For 
when the free world had once made 
up its mind to meet each type of mili- 
tary threat of the Soviet Union with 
a defense against that threat and no 
longer relied on the magic of atomic 
bombs, from that moment on hopes 
for an eventual disarmament revived. 
By the middle of the 1950's, I see bal- 
anced forces again at the disposal of 
the Atlantic Treaty Nations. It is then 
clear in Moscow that there can be no 
easy march to the Channel ports. To 
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be sure, for a decade or more the 


series of battles in different parts of 
the globe and the economic sanctions 
had time and again nearly precipi- 
tated World War III. People in the 
United States and in Russia had be- 
come somewhat accustomed to living 
under the shadow of the 20th century 
volcand, — atomic bombs. But after 
years of such anxiety and with the 
economic power of the free world 
backed by some measure of political 
stability, the time to consider a way 
out of the atomic age had clearly 
come. 


Steps Away From War 


Un!ess my observations are in error, 
I find the 1960’s a time when con- 
structive steps away from war are first 
being taken. Fifteen or twenty years 
after the first atomic bomb was fired, 
a sober appraisal of the debits and 
credits of the exploitation of atomic 
fission had led people to decide the 
game was not worth the candle. Of 
course, experimental plants were pro- 
ducing somewhat more power from 
controlled atomic reactions than was 
consumed in the operation of the com- 
plex process, but the disposal of the 
waste products had presented gigantic 
problems, — problems to be lived with 
for generations. The capital invest- 
ment was very great. But quite apart 
from the technical difficulties there 
was the overriding fact that the po- 
tential military applications of atomic 
energy were inherent'y inimical to 
the very nations that controlled the 
weapons. A self denying ordinance 
seemed but common sense. Once the 
illusion of prosperity for all through 
the splitting of the atom vanished 
from people’s minds, the air began to 
clear. The dividends from the great 
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discoveries of the 40’s were recognized 
to have been the introduction of pow- 
erful new tools of investigation in both 
pure and applied fields of chemistry. 
The success of a vast technical under- 
taking to make atomic weapons 
showed what could be done in other 
radical departures. The rapid prog- 
ress in the utilization of solar energy 
is thus seen as a consequence of the 
atomic energy development. 


The mood 15 or 20 years from now, 
as I glimpse it, is conditioned by a set 
of technological military and political 
factors quite different from those op- 
erating in the year 1951. Just enough 
agreement is then possible in the 
United Nations to proceed with grad- 
ual disarmament. Just enough inspec- 
tion proves to be possible to enable 
even the most suspicious to trust an 
international guarantee to the effect 
that there is no assemblage anywhere 
of vast amounts of fissionable ma- 
terials and of guided missiles. The 
existing stocks of fissionable materials 
are put beyond the immediate reach of 
any nation. The possibility of whole- 
sale atomic raids by a nation which 
treacherously repudiates the treaty is 
eliminated, sufficient information at 
least can be guaranteed to settle men’s 
coubts about that sort of war. (And 
by the 1960's I see people unconcerned 
about the existence of a few bombs 
more or less in another nation’s ar- 
senal.) But most significant of all, 
people by then are beginning to real- 
ize that it is protection against in- 
vasion by foreign soldiers that is of 
prime importance. If frontiers can be 
held against aggression, then atomic 
bomb threats to industrialized centers 
are not only unnecessary but out- 
moded. Clearly, an industrialized 
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civilization could destroy itself and 
thus leave the world to those peoples 
not yet heavily urbanized and mech- 
anized. But people are saying, as I 
listen in on the 1960's, what sense is 
there in that? Admittedly the in- 
dividual components of this civiliza- 
tion are distrustful of each other. Ad- 
mittedly each must protect its in- 
tegrity if need be by force of arms, 
but why continue to live on an ar- 
tificial earthquake fault of one’s own 
making? 


The date of the great settlement is 
not clear in my reading of the future, 
but sometime between 1960 and 1980, 
the climate of opinion alters. The re- 
armament of the free world has done 
its work. Armies, navies, planes are 
still on hand but the trend is towards 
less rather than more military power. 
So I see the physicists and engineers at 
that time relieved of a terrible 
responsibility and gladly turning to 
labors more congenial than making 
fission and fusion bombs or guided 
missiles. I see the chemists in increas- 
ing numbers continuing to crowd into 
fields once reserved for others and 
thus an era of peace and prosperity 
really begins to dawn. 


So much for prophecy. Now in con- 
clusion, let me come down to earth. 
The world of science has passed 
through a shattering experience in 
the last ten years. Hundreds of man- 
years of scientific and technical genius 
have been spent on improving instru- 
ments of war. And now once again 
the process is accelerating. The hopes 
for a decreasing emphasis on military 
force born in 1945 have proved il- 
lusory. The free world is once more 
threatened by totalitarian aggression. 
We now realize that in this century at 
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least free men can protect themselves 
against disaster only by facing the 
possibility of war realistically. Peace 
cannot be achieved through magic 
either physical or political. We have 
invented machines to do much of the 
labor once performed by slaves or 
serfs, but there is no mechanical or 
scientific substitute for those personal 
qualities on which our liberties are 
based. Ideas must, if need be, be 
fought for. Frontiers must be pro- 
tected against invasion by human be- 
ings ready to die if necessary. And 
those frontiers are for us in the United 
States the world frontiers of freedom. 
When World War II ended we be- 
lieved in miracles,—some in the 
miracles of science that would protect 
us militarily with a minimum of in- 
convenience, certainly without blood 
or tears,—others believed in inter- 
national miracles which have not 
come to pass. 
Prospects for Peace 

It is easy to be defeatist about 
the prospects for peace and freedom 
and to forecast the future only in 
terms of a global war. I have ventured 
to do otherwise and with all sincerity. 
To my mind the prospects are far 
more hopeful than they were two 
years ago. The peoples of the free 
world have been awakened from their 
dreams of an easy peace, they 
faced up to the realities of the mid- 
twentieth century. Before long they 
will be armed and ready. When that 
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day comes the fear of communist ag- 
gression will cease to haunt Western 


Europe. When that day comes, one 
can begin to talk about a real settle- 
ment of the international situation. 


Ideas that must now be regarded as 


CHEMISTRY 











Utopian will once again have vitality 
and meaning. All this may seem to 
the pessimists among you, — those 
who believe a third world war to be 
inevitable, — as so much _ wishful 
thinking. But because I have so much 





confidence in what free men can ac- 
complish when once aroused, I believe 
that in spite of grim years ahead this 
second half of the 20th century may 
yet prove to be a period of gradual 
lisarmament and peace. 


Plastics Heat-Treated Like Metals 


> HEAT TREATMENT of plastics to give 
then desired properties, using meth- 
ods similar to those now employed 
with metals, is foreseen by a General 
Electric chemist. 

In a paper presented before a sym- 
posium on fluorine chemistry at the 
American Chemical Society meeting, 
Dr. Fraser P. Price, of the G-E Re- 
search Laboratory, described how plas- 
tic crystals may be made to form by 
proper application of heat in a man- 
ner closely analogous to crystal forma- 
tion in a metal such as steel. In the 
plastic, as in the metal, each crystal 
forms around a nucleus of some 
foreign matter, or “dirt.” 

His research was concerned with 
polychlorotrifluoroethylene. As pre- 
pared, it is in the form of clear sheets. 
If heated to more than about 400 F., 
at which it softens and becomes rub- 
bery, and then allowed to cool slowly, 
the sheet becomes cloudy. 


Studies of this cloudy plastic by 
special microscopes, X-rays and other 
methods, reveal many tiny circular 
groups of crystals, each group a 
hundredth of an inch or less in 
diameter. The electrical and mechan- 
ical properties of the plastic contain- 
ing crystals are very different from 
that of the normal form, where there 
is no regular order in the arrangement 
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of the atoms of which it is made. In 
a crystalline material they are ar- 
ranged in a regular lattice. The crystal 
formation occurs mainly at tempera- 
tures above 350 F. The nuclei, around 
which the crystals form, are provided 
by the “filler” that is added to the 
plastic in manufacturing. 


_ Similar effects occur with many 
types of plastics including nylon and 
polyethylene, which is widely used 
as a transparent covering. In discuss- 
ing possible applications of his work, 
Dr. Price said that choice of the 
proper heat treatment and filler might 
afford means of regulating the prop- 
erties of a plastic. 


For example, if a plastic of consid- 
erable tensile strength is desired, many 
crystals might be formed. If, on the 
other hand, it is desired to have one 
that could be flexed back and forth a 
great number of times, without great 
resistance to being pulled apart, the 
non-crystalline form might be pre- 
ferred. 


Similar methods are widely used in 
the heat treatment of metals. They 
may be heated, then cooled, and held 
for a certain time at a lower tempera- 
ture. This induces formation of crys- 
tals of the size and distribution needed 
to give the qualities that are required. 
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Four Kinds of Chemicals 
Held to Cause Cancer 


Carcinogens Avoided in Industry 


> GreaTER emphasis on cancer pre- 
vention through control of hundreds 
of known cancer-causing agents was 
urged by a British biochemist at the 
American Chemical Society meeting. 


Definite progress: has been made, 
particularly by industry in eliminating 
or guarding against specific carcino- 
gens, as these agents are called, accord- 
ing to Dr. Eric Boyland, professor of 
biochemistry in the Chester Beatty 
Research Institute of the Royal Cancer 
Hospital, London. He cited the pro- 
tective devices which shield girls 
painting luminous watch dials from 
the radium, which used to cause can- 
cer of the bone, and the substitution 
of non-carcinogenic oils for the lub- 
ricants which used to cause scrotal 
cancer in men operating spinning 
mills in the Lancashire cotton in- 
dustry. 


There are even more obvious causes 
f cancer, from the soot which used 
‘o cause chimney sweeps’ cancer to 
X-rays, Dr. Boyland asserted. During 
ithe present century the incidence of 
cancer of the lung has increased enor- 
mously, and this increase is probably 
due to external carcinogenic agents. 
The nature of such agents must be 
determined, so that they can be 
avoided and the toll of the disease re- 
duced. Until we really try, we do not 
‘snow how much cancer could be pre- 
vented by means of this kind. 

The phrase “prevention is better 
than cure” can probably be applied 


with greater force in the case of can- 
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cer than in most diseases according 
to Dr. Boyland, who noted that at 
present the two aspects of the problem 
— prevention and cure — seem ulti- 
mately related, as the means used to 
treat cancer seem a'so to be able to 
cause cancer. It is known, he said, 
that some forms of cancer are due to 
external cancer-producing or carcino- 
genic agents, which in many cases 
can be avoided. 

The detection of carcinogenic agents 
is not always easy, Dr. Boyland con- 
tinued. Thus, arsenic is carcinogenic 
for man, but there is at present no 
laboratory test which will reveal its 
activity. This is probably important, 
5 it has been suggested that arsenic 
>resent in cigarettes may be, in part, 
responsible for some cancer of the 
lung. By increase of experimental 
means unsuspected cancer-producing 
agents will undoubtedly be revealed. 

Since the war, new classes of car- 
cinogenic compounds have been dis- 
covered, and there are now hundreds 
f known carcinogenic agents, which 
can be divided into four categories: 

First, physical agents such as in- 
tense local cold and radiations from 
X-ray tubes or radioactive materials. 
Second, inorganic materials, such as 
compounds of arsenic and beryllium. 
The effect of beryllium was an indus- 
trial risk which, due to increased 
knowledge, has been considerably re- 
duced. 

The third category is formed by the 


aliphatic carcinogenic compounds 
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such as mustard gas and nitrogen 
mustards which have induced cancer 
in animals. In this connection, it 
would be of interest and value to 
know whether cancer was more com- 
mon in men exposed to mustard gas 
in the First World War than in the 
general population. 

The fourth category includes the 
aromatic compounds, such as the 
henzpyrene which is found in coal 
tar, and the dye, Butter Yellow, 
which was at one time used to color 
foodstuffs. The cessation of the use 
of Butter Yellow must have reduced 
the incidence of human cancer, but 
to an extent which it is impossib'e to 
calculate. 

With knowledge of the mechan 
sms by which these different cancer 
producing agents work, it might be 
possible to reduce that part of the in- 
cidence of the disease which is not 
caused by external agents. We do not 
really know how any of these agents 
work, but theif diversity suggests that 
more than one biochemical process 
can lead to cancer. 

The radiations and the mustard 
gas compounds seem to break the 
desoxyribonucleic acid of chromosomes 





of the cells of the body and this effect 
seems to be related to the carcinogenic 
process, Dr. Boyland said. This acid, 
a basic cell component, is necessary 
for the maintenance of normal growth 
by cell division. Other aliphatic car- 
cinogens do not break the nucleic 
acid chain but are efficient cross link- 
ing agents and may work by joining 
the nucleic acid and so producing the 
ibnormalities in cell nuclei which we 
“now are associated with cancer pro- 
duction. 

Urethane causes cancer of the lung 
and may do this by preventing the 
cells from producing thymine — an 
essential ingredient of desoxyribonu- 
cleic acid. The carcinogenic hydrocar- 
bons combine with desoxyribonucleic 
acid. Thus all the carcinogenic agents 


‘seem to have some effect on the 


desoxyribonucleic acid of cells, which 
is essential for maintenance of normal 
cell division. 

Whatever the mechanism involved, 
the carcinogenic agents should be 
sought out and avoided. Means to 
prevent abnormal behavior of chro- 
mosomes might also be introduced so 
as to reduce the incidence of this 
disease in man. 


Unbalanced Equations 
Hi'ya Polly? 


> StupiEs of complex sugar chemicals 
by workers called polysaccharides... 


—American Chemical Society Press 
release. 
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Poisons Sought to Kill Insects 
Yet Be Harmless to Humans 


Battle Reports From Insect War 


> Many TREEs contain newly discov- 
ered chemicals that can kill insects, 
fungi and bacteria, Professor Holger 
Erdtman of the Royal Institute of 
Technology, Stockholm, Sweden, told 
the American Chemical Society. 

Nature developed these chemicals 
and preservatives during millions of 
years of experimenting, he said, and 
on the basis of these developments 
man is now in a position to produce 
synthetic analogues which may have 
still greater activity. 

The tree chemicals with insecticidal, 
fungicidal and bactericidal properties 
are found in the heartwood, or hard 
central part of the trunk. The heart- 
wood, in contrast to the sapwood, is 
sometimes highly resistant to attack 
by insects, fungi or marine borers, the 
speaker explained. 

Professor Erdtman studied trees of 
the conifer group, including cypress- 
es, pines, junipers, western red cedars 
from which the Indians made totem- 
poles, and Alaska yellow cedars. 


Besides the prospect of new insecti- 
cides, the tree chemicals may show 
how to preserve wood better and 
longer, he said. The chemicals also 
can help botanists in classifying trees, 
and can help solve troubles met in 
chemical processes with wood. As an 
example, he said, the chemical pino- 
sylvin was discovered as a result of 
the observation that heartwood could 
not be properly digested bv the nor- 
mal sulfite process, and this in turn 
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led to the development of the alter- 
native su!fate pulp industry. 

In contrast to the sapwood, Profes- 
sor Erdtman said, the heartwood of 
various trees is sometimes very resist- 
ant to the attack of fungi, insects and 
marine borers. This is mainly due to 
the presence in the heartwood of ex- 
tractable compounds which may be 
very toxic to the organisms concerned. 

Some compounds occur in only one 
genus and may in fact be character- 
istic for that genus. Thus pinosylvin 
(3:5-dihydroxy-transstilbene) is a 
characteristic constituent of all the 
pine heartwoods. Other substances 


occur in the heartwood of several 


genera, and by careful investigation of 
a large number of conifers belonging 
to different orders, families, and gen- 
era, it should ultimately be possible 
to construct a chemical classification 
of the conifers. This should be of con- 


siderable assistance to botanists in 
their efforts to clarify the phvlogenetic 
relationships in the group of plants. 
The investigations of the heartwood 
preservatives have disclosed new 
groups of chemical compounds pos- 
sessing insect-repellant, insecticidal, 
fungicidal or bactericidal properties. 
Not all of the heartwood constitutents 
display physiological activity, but it 
appears that in all probability there is 
frequently co-operation between toxic 
and non-toxic compounds, the latter 
playing their part either as so!vents or 
as anti-oxidants. Further studies along 
these lines should provide information 
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of great value in connection with such 
technical problems as wood preserva- 
tion. 


New Phosphorus Insecticide 

> A new product with a “wide spec- 
trum of insecticidal action” was de- 
scribed in full for the first time by 
S. S. Sharp of the Du Pont Company, 
speaking before the Twelfth Inter- 
national Congress of Pure and Ap- 
plied Chemistry. 

The “bug killer” is ethyl p-nitro- 
phenyl thionobenzene-phosphonate, 
better known as EPN. Synthesized 
first in a Du Pont laboratory late in 
1947, it was introduced to fruit grow- 
ers, principally in the Pacific North- 
west, in the spring of 1950 to control 
mites, the tiny eight-legged pests that 
attack foliage and devitalize trees. 

Due to extensive tests during the 
past year, EPN is now known to con- 
trol a wide variety of crop-destroying 
insects, Dr. Sharp declared. Fruit 
growers are now using it to control 
plum curculio, Oriental fruit moth, 
and other orchard pests. In the Mid- 
west, tests have shown EPN to be ef- 
fective in European corn borer con- 
trol. 

In its pure form, EPN is a pale- 
yellow crystalline substance. For com- 
mercial use, it is formulated in a 25 
per cent wettable powder known as 
EPN-300 insecticide, which rapidly 
forms a suspension in water. Its in- 
secticidal action stems from its inhibi- 
tion of the enzyme cholinesterase 
which regulates the muscular reac- 
tions dictated by nerve impulses. 


Residues of EPN on both fruit and 
foliage of sprayed trees are rapidly dis- 
sipated following the initial period of 
insecticidal activity, Dr. Sharp re- 
ported. This allows the grower to 
make applications with sufficient fre- 
quency and concentration of the 
chemical to protect the crop, without 
risk of harmful chemical residues at 
harvest time. 

EPN is a member of the family of 
organic phosphorus compounds, and 
as such it should be handled with 
care. Applicators using the material 
are cautioned to wear protective cloth- 
ing and to avoid contact with or in- 
halation of sprays containing EPN. 

No soil-poisoning problem is likely 
with EPN, even when applied in 
heavy doses to field crops. In Dela- 
‘ware tests, Dr. Sharp said, corn, cot- 
ton, eggplant, lima beans, peanuts, 
potatoes, rye, squash, and tomatoes 
have grown normally in soil treated 
with EPN-300 insecticide at the rate 
of 50 pounds per acre. 

During two years of initial testing 
of the compound, extensive tests of 
the toxicity and residual activity of 
EPN were carried on, both in Du 
Pont laboratories and by independent 
investigators, Dr. Sharp stated. These 
tests have led to a knowledge of toxic 
hazards, methods of analysis, proper 
dosages and timing of sprays—all of 
which has been passed on to growers 
to enable them to make effective use 
of the insecticide, and at the same time 
to handle it with safety to themselves, 
their workers, and consumers of their 
crops. 


Tetraploid rye bread, made from a new rye developed in Swe- 
den that has grains 50% larger than ordinary rye and contains 
twice the number of chromosomes, is found to be just as tasty as 


bread from the old rye. 
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Coiled Helix is Form of 
Polypeptide Molecules 


Protein Architecture 


> Litera hair-splitting on the atomic 
scale is telling the secret of stuff that 
makes up hair. A controversy on the 
shape of protein molecules of hair is 
being tossed back and forth across the 
Atlantic. 


Dr. Linus Pauling and Dr. Robert 
B. Corey at the California Institute of 
Technology, have told the American 
Chemical Society that the helix, the 
long coiled spring, best illustrates the 
molecular structure of keratin and 
certain other proteins. 


Keratin is the substance of hair, 
wool, finger-nails and other skin 
modifications. Fibers of contracted 
muscles, and some simpler proteins 


made in the laboratory have their 
smallest, finest structures in the same 
form, Drs. Pauling and Corey have 
found. 


The conquest of disease and even 
the fundamental puzzle of life itself 
is wrapped up in the structure of 
proteins and other polypeptides. That 
is why discovering their form is im- 
portant. 

In the structure announced by Drs. 
Pauling and Corey, some 37 repeats of 
the simplest chemical unit of the pro- 
tein occupy ten turns of the spring. 


Objection to Dr. Pauling’s conclu- 
sion appeared in a recent issue of the 
British journal, Nature. It is based on 
a different interpretation of X-ray 
photographs of some of these proteins 
by Drs. C. H. Bamford and W. E. 
Hanby, of Courtaulds Research Lab- 
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oratory, two of the men who took the 
photographs that Dr. Pauling and his 
associates used. The British team find 
certain measurements of molecular 
distances smaller in their interpreta- 
tion than those reported by the Cali- 
fornia scientists, and thus cast doubt 
on the helix structure. 

Dr. Pauling using sticks and 
wooden balls made molecular models 
sized in proportion to measurements 
made with X-ray beams on crystals of 
the protein material. By experiment- 
ing with these models he-developed 
his theory. His conclusions have been 
verified by Dr. M. F. Perutz of the 
Cavendish Laboratory, Cambridge 
University, England. 

Another structure announced by Dr. 
Pauling and his California associates 
is the “pleated sheet” form of feather 
protein. Atoms in this substance form 
zig-zag connections between the 
spreadout layers of feather keratin. 


The researchers have found that the 
atoms which make up hair, wool, 
muscle, finger nails and several other 
fibrous proteins are arranged in the 
form of a spiral, or helix. These pro- 
tein molecules accordingly are similar 
to springs. 

They have measured the diameter 
of the spring-shaped molecules and the 
pitch of the spring (distance between 
successive turns) with an accuracy of 
a billionth of an inch. The length 
along the spiral, per turn, is about 
5.65 Angstrom units (or about 23 
billionths of an inch, since one A.u. 
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> SpecTruM of asparagine monohydrate, one of the chemicals through which 
Dr. Linus Pauling hopes to solve some of the puzzles of living matter. 


equals about four billionths of an 
inch). 

A surprising feature of the atomic 
structure as determined by Professor 
Pauling from x-ray diffraction data 
and molecular models is that the num- 
ber of amino acid residues in a turn 
of the spring is a fraction: about 3 and 
7/10ths (3.7). That is, the pattern of 
amino acids does not repeat itself ex 
actly after one turn. This might help 
explain the previous difficulties of pro 
tein study. 

The Caltech chemists also are con 
fident that the same spirals cccur in 
the molecules of hemoglobin, the red 
protein inside the red blood cells. This 
protein contains iron atoms, four to 


Ocroser 1951 


each mo!ecule, and it has the power 
of combining with oxygen in the lungs 
in order to transport the oxygen to 
the body tissues. 


A surprising atomic structure has 
teen found for another protein, col- 
! 1, which makes up tendons and 
a'so is present in skin and bone. Pro 
fessors Pauling and Corey have found 
that the collagen molecule consists of 
three chains (of polypeptides) twisted 
around each other like the strands of 
a three-strand cable. The molecules of 
gelatin also have this twisted three 
trand structure. In molecules of both 
collagen and gelatin the three chains 

held together by hydrogen bonds. 


The researchers expressed a hope 
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that knowledge of the atomic struc- 
ture of proteins will be found useful 
in medical research. 


For instance, the diseases treated 
with ACTH and cortisone are some- 
times called collagen diseases because 
it is thought that collagen is involved 
in them. Additionally, Professor Paul- 
ing and other Caltech collaborators in 
independent research have also dis- 
covered recently that certain types of 
anemia (such as sickle-cell anemia) 


are associated with an abnormality in 
the hemoglobin molecules of the 
patients. And in general, it is believed 
that some drugs act by combining 
with proteins. 

These, however, are not the only 
possible fields of application of the re- 
search findings. They may also be 
found useful in synthesis of proteins, 
for a knowledge of the atomic struc- 
ture of a substance is fundamental in 
any attempt to synthesize it. 


Tallow Chemical Aids Oil Production 


> A cHEMICAL made from beef tal- 
low is being used to help get addi- 
tional crude oil from petroleum wells 
after production by ordinary pump- 
ing becomes low. It may help increase 
the world’s oil supply. 

When an oil well is near the end of 
its production by ordinary pumping, 
much oil still remains in the oil-bear- 
ing sand. Several methods have been 
developed to recover this remaining 
oil which may be up to one-half of 
the original crude in the sands. One 
is by the use of natural gas or air in- 
troduced into the sands from the sur- 
face by compressors forcing the gas 


or air down a central bore. Another 
is by use of water pressure. 

The water washes oil in the sands 
to the pumping wells for removal to 
the surface. Chemicals are used to 
make the water more effective. This 
new chemical, called Ethomid HT-60 
by Armour, is said to be particular- 
ly effective and may increase the total 
amount of oil a well may produce as 
much as 10%. 

Another chemical, a quaternary am- 
monium compound, is used at the 
same time. This is a derivative of am- 
monium hydroxide and is employed 
to prevent corrosion of the water pipe 
and equipment. 


Artificial Perspiration Tests 


> SyntHETIc human perspiration is 
used in discovering how to keep fin- 
gerprints from ruining precisely ma- 
chined pieces of metal. 

Scientists of the Socony-Vacuum 
Oil Co. laboratory, Brooklyn, N.Y., 


are improving slushing oils used to 
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prevent the almost invisible corrosion 
that occurs on precision apparatus 
evein when they are most carefully 
handled. 

Natural perspiration is too variable 
to be used in tests, although it does 
even when most carefully handled. 
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Application of Science 
To Needs of the Future 


by Dr. C. E. Kennetu Mees 





An address by the vice-president in 
charge of research of the Eastman- 
Kodak Company, presented at the 
Diamond Jubilee Banquet of the 
American Chemical Society in the 
Waldorf-Astoria, New York, Septem- 
ber 5, 1951. 


> I was requested in this address to 
forecast the future of chemistry. It is, 
of course, quite impossible to see the 
future, and the only indication that 
one can obtain is to look at the past 
and at the present, to assume that 
present trends will continue, and thus 
to deduce the future course of events 
from those of the present. 


About three hundred years ago, a 
great discovery was made — the dis- 
covery that knowledge could be de- 
rived from direct experiments, and 
this was the spark which initiated a 
complete revolution in the life of man. 
Before long the use of the experi- 
mental method began to affect tech- 
nology, engineering came into ex- 
istence as an application of science, 
and machinery and factory organiza- 
tion took the place of hand labor and 
home industry. 


Through the nineteenth century, 
the growth of science and technology 
continued at an ever-accelerating pace. 
Then, about fifty years ago, the scien- 
tific method was applied directly to 
industry and at the present time al- 
most all industries dealing with tech- 
nical problems include in their or- 





Ocrtoser 1951 


The View Ahead in Chemistry 


ganization a department devoted to 
the study of science and its applica- 
tion to the technology of the business. 
Some of these laboratories are under- 
taking the responsibility for the whole 
future of the industries to which they 
are attached. They are, in fact, no 
longer engaged simply in applying 
scientific knowledge; they are produc- 
ing much of the scientific knowledge 
required. 

The growth of scientific knowledge 
and its app! ication to industrial tech- 
nology is producing changes of great 
importance in our social and economic 
life, and the rate of change is con- 
tinuously increasing, so that it may be 
compared to an autocatalytic reaction, 
of which the rate is increased by the 
products of the reaction itself. Such a 
reaction will commence slowly and 
then increase in rate and go faster and 
faster as the products accumulate. 
Sometimes the rate increases so much 
that the reaction becomes explosive, 
and the final form is entirely different 
from the original system. Sometimes, 
after a period of violent reaction, the 
system settles down into a new and 
stable form. No system which is 
changing at an increasing rate, and 
especially no system in which the 
product of the reaction increases the 
rate of change, can be stable, and it 
is probable by analogy, although it is 
not certain, that our present social 
system is in a completely unstable 
stage. Perhaps after a period of violent 
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change, it will settle into a new and 
stable phase, which will endure until 
some new cause provokes another 
period of change. 


Problems to be Solved 


Let us examine certain chemical 
problems on which much attention is 
being concentrated, the solution of 
which may be expected in the next 
few decades. The fundamental prob- 
lem of chemistry is the structure of 
the atoms and the nature of the forces 
which ho'd the atoms together and 
which enable atoms to combine to 
form chemical compounds. During 
the last fifty years, the internal struc- 
ture of the atoms has been unraveled, 
and we now know that they consist of 
a nucleus surrounded by a number of 
electrons occupying a series of orbits. 
Different elements have differing 
numbers of electrons and capacity to 
form chemical compounds, and their 
chemical properties depend upon the 
position and number of the electrons. 
The most important of these chemical 
properties are the valencies, the ability 
to combine with one or more atoms to 
form compounds. The nature of the 
valency forces is being elucidated, and 
with a more complete understanding 
of this subject, chemists will be able 
to direct their work on the synthesis 
of compounds and to understand the 
reactions of many substances which 
are at present obscure. 

Whereas the outer electrons of the 
atoms control their chemical reactions, 
the properties of the nuclei belong to 
the realm of physics. The discovery 
that some elements are unstable and 
that their nuclei decompose spon- 
taneously was, however, made by the 
chemists, and, as a result of the recent 
work on nuclear structure, the chemi- 
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cal elements have been increased in 
number. The heaviest atom which 
occurs naturally has 92 electrons. Re- 
cently atoms have been made syn- 
thetically having 93, 94, 95, 96, 97 and 
98 electrons. Moreover, the elements 
having 43, 61, 85, and 87 electrons, 
which do not occur in nature, have 
been synthesized. It is not unlikely 
that elements will be synthesized in 
considerable quantity in the near 
future. If this seems improbable, we 
should remember that when the mass 
spectrograph was invented in 1920 it 
would have seemed quite incredible 
that within twenty-five years giant 
mass spectographs would be used for 
the large scale separation of isotopes 
at Oak Ridge. But the greatest im- 
portance of the work on atomic nuclei 
is without question that which leads 
‘o an understanding of the structure 
of the nuclei themselves and of the 
forces which ho!d them together. 
Here we may hope to profit not only 
from the particle accelerators and the 
nuclear reactors but from the work 
on the thermodynamical properties of 
substances at very low temperatures, 
such as that carried on with so much 
success by Professor Giauque at 
Berkeley and Professor Simon at Ox- 
ford. 


Earthbound Chemist 


In the study of many chemical re- 
actions, the earthbound chemist finds 
himself at a disadvantage. Fortunately 
he can transform himself into an 
astronomer and study the starry 
heavens. There he finds many things 
to interest him. The relative abund 
ance of the chemical elements in the 
cosmos may give a clue to the origin 
of the stars and, incidentally, of the 
solar system, on which man has pon- 
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dered for so long. The nuclear reac- 
tions which take place in the stars can 
be correlated with those which are 
studied in the physical laboratories. 
In the atmosphere of the sun, atoms 
lose their outer electrons and change 
their chemical properties and their 
emission spectra correspondingly. 
Surely before long we shall try to 
carry out reactions at temperatures far 
above the few thousand degrees avail- 
able in our furnaces and yet below the 
millions of degrees produced by nu- 
clear reactions in the interior of the 
stars. 


Range of Pressures 


The astronomer chemist can not 
only study matter subject to a great 
range of temperatures; he can observe 
matter under a range of pressure far 
greater than that available on the sur- 
face of the earth. Most of the matter 
in the solar system and in the stars is 
at pressures of over one thousand 
atmospheres. In the dwarf white stars, 
the pressure is so great that a cubic 
inch of the material would weigh 
several tons; in the giant red stars, the 
matter is a gas at a density far less 
than we can attain by means of the 
best high vacuum pumps available 
But these red stars are still stars, — 
concentrations of matter — and be- 
tween the stars the astronomer can 
measure the nature of the molecules 
of matter dispersed to a much greater 
degree. Under these conditions, when 
an atom or molecule can travel a con- 


siderable distance and for a consider- 
able time without encountering an- 
other particle, matter can exist in 
forms which are quite impossible in 
the crowded conditions of matter on 
earth, and reactions can occur which 
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are unknown to the earth-bound 
chemist. 

One of the points where knowledge 
is making its greatest advance is 
where chemistry meets biology. The 
chemicals which are most characteristic 
of living organisms are the proteins. 
Today chemists are actively engaged 
in the study of the proteins of the 
living cell, in which the analysis of 
structure by means of x-rays is promis- 
ing to be of use. An understanding 
of the mechanism of cell growth may 
even lead us to a knowledge of the 
life processes themselves. Much of the 
work on cell growth is inspired by 
the desire to control the abnormal 
growth of cells which occurs in can- 
cer. Very probably the keys to the 
cancer problem will be found eventu- 


‘ally in the keeping of the chemists. 


The Invertebrates 


It has always seemed to me that a 
more intense study of the physiology 
of the invertebrates might be very 
profitable — perhaps more profitable 
than the direct attack on human 
physiology, on which far more effort 
is being expended. 

In his address to the British Asso- 
‘iation a month ago, Professor Hin- 
shelwood referred to the effect of 
chemicals in producing mutations of 
cells. Colchicine, for instance, pro- 
duces new races of flowering plants 
by increasing the number of chromo- 
somes, and such actions are not con- 
fined to the vegetable kingdom. Ac- 
cording to the newspaper reports of 
his speech, Hinshelwood felt that the 
‘ontrol of mutation by drugs might 
be used to control personality, just as 
synthetic pokymers are made to re- 
place natural fibers, or substances such 
as rubber, can be made specifically to 
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have certain definite properties, often 
those which do not ocur in the natural 
materials. This suggestion sounds to 
me rather like Aldous Huxley’s Brave 
New World. Ym not sure that I 
wouldn’t rather leave the personality 
of my descendants to nature than to 
have it controlled by a State Person- 
ality Board. 

Closely a'lied to biochemistry is the 
study of chemical substances as medi- 
caments. The discovery of the appli- 
cation of the sulfonamide compounds 
to medicine about fifteen years ago 
opened the eyes of the world to the 
possibility of radical changes in the 
field of medicine, and when this was 
followed by the introduction of peni- 
cillin and then other antibiotics, the 
practice of medicine was very greatly 
modified. Certain surgical operations 
heretofore considered dangerous or 
even impossible may be performed 


successfully owing to the recently dis- 
covered antibiotics. Operations on the 
lungs and heart, for instance, might 
have involved a great risk of infection 


or contraction of pneumonia. Today 
such operations are normal risks since 
the surgeon can protect his patient 
against many bacteria by the new 
drugs, but here we are only at the 
beginning and research in the field is 
advancing at a very great rate. 


Many Types of Drugs 


Many other types of drugs are be- 
ing produced: antihistamines, which 
relieve the sufferer from allergies; 
hypnotics; sedatives and anaesthetics. 
So much has, indeed, been done to 
diminish the pain as well as the 
danger of childbirth and to ease the 
suffering of incurable disease that the 
products of chemistry are literally 
with us from the cradle to the grave. 
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We are already able to synthesize the 
vitamins and hormones, so that we 
can obtain such substances as the 
estrogens and the cortical steroids. 
Before long, we should be able to 
make enzymes and to produce in- 
hibitors to contro! the action of the 
enzymes. Before the American Chemi- 
cal Society celebrates its centennial, 
we should be able to understand the 
nature of the viruses and to control 
the virus diseases. 

Our knowledge of the action of 
drugs is largely empirical. In the case 
of the sulfa drugs, it appears likely 
that they act by competing in reac- 
tions in the body with substances 
essential to the life and growth of 
bacteria. Undoubtedly before long the 
action of most drugs will be under- 
stood, and their administration will 
be based upon science rather than on 
tradition and experience. 

Among the many fields of work in 
pure chemistry which can be foreseen 
are discoveries to be made in connec- 
tion with metallurgy, important ad- 
vances in the chemistry of layers, dis- 
coveries which are certain to be made 
in relation to the kinetics of reactions, 
and the behavior of catalysts. 

There are three ways in which 
chemical reactions can be achieved. 
In the traditional method, the starting 
materials are dissolved in a suitable 
solvent and then allowed to react, 
usually with the aid of heat. The 
process was admirably described by 
Berzelius’ servant when she was asked 
what her master did. “He puts a lot 
of stuff in a big flask and he boils it. 
Then he puts it in a smaller flask and 
he boils it. Then he puts it in a tiny 
flask and he boils it. And then I 
throw it down the sink.” 
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Then there are the reactions in the 
gas phase. In the place of reactors, 
stirrers, pumps, and a mass of con- 
necting pipes, the chemical engineer 
erects a set of furnaces in which, at 
varying pressures and usually at high 
temperatures, chemicals are trans- 
formed into other substances as if by 
magic. And the whole operation is 
controlled from a switchboard where 
operators, usually girls, watch indi- 
cators showing the behavior of the 
equipment and the nature and yield 
of the product. After I had been 
through one of these plants, with its 
row of operators watching the switch- 
boards, I remarked that at last I knew 
what a chemical engineer looked like: 
it was a little girl in bobby socks. 


The third method of carrying out 
reactions is the method of the future. 
Ne know that the possibility exists 
because it is that which is used by 
living beings, plants and animals. 
When a chemist makes indigo, he 
starts by oxidizing naphthalene with 
fuming sulfuric acid, and then he 
goes through a most complicated 
series of reactions, crystallizations, 
purifications, and finally produces in- 
digo. But when a plant makes indigo, 
it doesn’t do any of these things; i 
just makes indigo. The plants make 
morphine and other alkaloids, qui- 
nine, and rubber, the coloring matter 
of flowers, vitamins. The p!ants make 
the material they themselves use for 
growing; they transform the carbon 
dioxide of the air together with water 
into chemical substances of which we 
are only just beginning to learn the 
nature and then into sugars and 
starches and the cellulose, of which 
they are mostly composed. How rapid- 
ly plants grow and how complex are 
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the reactions that enable them to 
grow! In the same way, animals pro- 
duce the chemicals that they need in 
their bodies, very complex chemicals. 
ACTH and cortisone, whose prepara- 
tion in the laboratory is a recent 
triumph of synthetic chemistry, can be 
made by any ox or pig. We don't 
know how they do it, but we shall 
find out. We sha!l find out how the 
plants make chemicals and how the 
animals make chemicals. We can 
already begin to guess how they do 
it. It is almost certainly a matter of 
catalysis. The classical processes of 
organic chemistry oa generally use 
any catalysts at all. Gas reactions re- 
quire catalysts, but the catalysts are 
apparently only moderately effective, 
and the reactions require high tem- 


‘pune and pressures. Living beings 


use catalysts, which are so effective 
that the reactions go directly at normal 
temperatures and pressures. Before 
long we shall understand the nature 
of these catalysts and be able to pre- 
pare them, and then we shall be able 
to make chemicals by the direct meth- 
ods employed in nature instead of by 
the complicated apparatus of the 
chemical engineer. 


Polymerized Fibers 


Now I must turn to the field of 
applied chemistry, and looking around 
this glittering room, my thoughts 
naturally turn to the subject of clothes. 
The last twenty years have seen the 
natural fibers — cotton, linen, wool, 
and silk — supplemented by new 
fibers produced synthetically by chemi- 
cal processes. Today a host of still 
newer fibers are appearing, almost all 
of them built up by condensation and 
polymerization from chemicals de- 
rived from the hydrocarbons of petrol- 





31 


eum and natural gas. The substitu- 
tion of these new fibers for the natural 
materials produced by agriculture is 
likely to involve grave economic prob- 
lems. Already we have before us the 
example of the displacement of Japan- 
ese silk by nylon. But in.all probability 
we are facing not a surplus but a 
shortage of fibers. 


As the standard of living improves, 
the masses of Asia and Africa are go- 
ing to demand clothing, and as in 
housing, where people are no longer 
willing to endure the conditions that 
they have previously suffered, we shall 
find it difficult to supply the new de- 
mand. If the demand for clothes by 
the poorer people of the world in- 
creases very greatly, we shall be faced 
with an actual shortage of textile 
fiber. There will not be enough wool 
and cotton to make the clothes. I 
think that if I were to say this to 
many of my technical chemical friends 
in this audience, they would say: “Let 
us make nylon.” But that reminds me 
of the answer that Marie Antoinette 
gave to the people of Paris when they 
shouted for bread and she said: “Why 
don’t they eat cake?” The fiber that 
we require for clothing the masses of 
the world must not be primarily the 
best fiber nor the one which we should 
prefer to make. It must primarily be 
cheap, very cheap. I have had a vision 
of vast areas growing some tropical 
grass or reed giving a heavy yield of 
cellulose per acre with little cost for 
cultivation and then of the solution 
of the broken down cellulose by some 
simplified process akin to that used 
for making viscose, so that the cellu- 
lose from the grass could be converted 
into fibers at an extremely low cost. 


Perhaps the most serious problem 
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for the chemists of the future is that 
relating to the food supply required 
for the ever-increasing population of 
the world. Fifty-five years ago Sir 
William Crookes warned the chemists 
of Great Britain that the world was 
in danger of starvation from the ex- 
haustion of the nitrate deposits of 
Chile, then almost the only known 
cource of nitrogen in an available 
form. That danger was averted by the 
synthesis of nitrates and ammonia 
from the air. Since then the progress 
of technology in agriculture and the 
use of machinery in cu!tivation have 
greatly increased the production per 
acre and have made available vast new 
areas for the growing of food. 


Epidemic Diseases 

A great factor in the réstriction of 
population has always been the inci- 
dence of disease. When populations 
become crowded and the supply of 
food begins to fail, epidemic diseases 
always occur on a vast scale. The 
application of chemistry, bacteriology 
and hygiene to medicine, however, 
has rapidly decreased the seriousness 
of epidemics and is now limiting the 
effect of the endemic diseases, especial- 
ly in the tropics. The application of 
chemical insecticides is particularly 
effective in eliminating the scourge of 
malaria. Before many years have 
passed, the insect-borne diseases will 
have largely disappeared. We cannot 
fail to rejoice at the reduction in the 
amount of human suffering and sor- 
row effected by the progress in hy- 
giene and medicine. But with the de- 
crease in early deaths from disease, 
the population of the world is in- 
creasing at the rate of twenty-two 
million people a year, and as the 
population grows, the threat of famine 
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increases. The problem involves two 
very distinct branches of science. The 
control of the birthrate is a problem 
for the sociologists working with the 
specialists in public hea'th, but to give 
them time to do their work the im- 
mediate need is an improvement in 
the production of food, especially in 
the tropical regions of the world. 

The possibilities for the chemist are 
great. Much of the land has been cul- 
tivated with little fertilization until it 
is exhausted. It requires potash, phos- 
phate, and especially nitrate. Some of 
the new chemical factories established 
with American assistance in southern 
India will show what can be done in 
this way. Insecticides are most valu- 
able for the control of pests, and plant 
auxins produced synthetically will 
regulate growth and control weeds. 
Perhaps we may eventually produce 
food directly by enzymic reactions or 
raise a food crop on the oceans instead 
of the land. 

The chemist is by no means alone 
in this fight. He will be supported by 
all his scientific brethren and especial- 
ly by the plant geneticists, who are 
greatly increasing the productivity of 
crops, and the phytopathologists, who 
wage never-ceasing warfare with pests 
of a'l kinds. Nevertheless Paul 
Mangelsdorf warns us: “The great 
danger of the next half century is that 
global chaos will prevail before man 
has succeeded either in harnessing 
solar energy or in stabilizing his own 
reproductive rate.” 

Global Supplies 


These problems, of the global sup- 
ply of food and clothing, that I have 
put before you il!ustrate the respon- 
sibility which the chemist must accept 
for the application of science to the 
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needs of the future. It is, indeed, large- 
ly to the scientists that the public is 
‘soking for that rise in industrial pro- 
‘uction which we shall need if we 
ire to maintain our standard of living 
and to carry the new burdens which 
we have assumed. It is no longer 
necessary for us to plead for the sup- 
port of scientific research by industry 
or to protest against its neglect, except 
‘n quite minor and isolated instances. 
But the prospect is by no means calm 
and serene. Our work is in no danger 
of neglect, but it is quite seriously 
threatened by the possibility of inter- 
ference and control. 


Planning 


There are many who feel that scien- 
tific work should be planned in de- 


.tail. In technological work we can 


plan; indeed, we must plan. But the 
planning must be done by those who 
understand the work thoroughly. 
Some years ago, I rated the ability of 
different people to plan industrial re- 
search, and I may perhaps repeat it 
tonight: Best of all is the planning of 
the research worker himself, and next, 
that of his department head or group 
leader. After that we can only assess 
he probable error of the planners. 
The research director may be wrong 
half the time; a committee of any 
kind will be wrong most of the time; 
and a committee of vice-presidents 
would probably be wrong all the time. 
We have much to learn about the or- 
ganization and direction of industrial 
research. We shall continue to study 
its problems and to gain experience in 
its operation. 


But behind our applied research 
and our technology lies the great field 
of science, and the advance of science 
is the hope of mankind. Here we need 
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no direction, and we shall resist any 
attempt to impose direction upon us. 
We insist on our right to be free, free 
not only in our life but in our work, 
free to pursue our studies and our 
investigations wherever the spirit may 
lead us. Man cannot live by bread 
alone; the function of science is not 
merely to add to our ease of living. 
Nourishment, shelter, health, and 
leisure are not ends in themselves. We 


need a minimum of all of them, but 
many of those who have raised the 
human spirit and have made man but 
a little lower than the angels have 
lacked the material comforts of life. 
More precious than these—vital in the 
true sense of the word—is freedom. 
In this cause we must all stand united 
—academic and industrial scientists 
alike—all who have worn the toga 
and taken the vows of science. 


> “I may be home tonight, Dear—then again I may not!” 
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For the Home Lab 


by Burton L. Hawk 


Prologue: 

Were you ever stung by a bee? If 
so, you are familiar with one property 
of formic acid. It is said that the pain 
and swelling caused by the stinging 
of bees, hornets and wasps is due to 
the injection of small amounts of 
formic acid. 

Formic acid was first obtained in 
1670 by S. Fisher as the result of the 
distillation of red ants. Whatever gave 
Mr. Fisher the idea of distilling ants 
we do not know, but anyway, this 
was the method by which formic acid 
was first prepared. 


The Preparation 


If you do not have a supply of red 
ants handy, don’t fret—there are other 
methods you can use to prepare formic 
acid. 

(1) By oxidation of methyl alcohol. 
Methyl alcohol can be oxidized first to 
formaldehyde, then to formic acid. 
Place in a flask 4 grams of potassium 
dichromate, 12 cc. of water and 2.5 cc. 
of concentrated sulfuric acid. Shake 
gently and cool the flask by immersing 
it in cold water. Then add, a few 
drops at a time, 2.5 cc. of methyl al- 
cohol. Shake after each addition. If 
the reaction should become too violent 
or the flask too hot, cool again by 
immersing in cold water. After all of 
the alcohol has been. added, set the 


flask in a container of hot water for 
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All About Formic Acid 










about five minutes, It might be well 
to attach a rubber stopper containing 
a straight 12-inch length of glass tub- 
ing which will serve as a reflux con- 
denser during the period of immer- 
sion. Finally, distill about 5 cc. of the 
liquid. 

As formic acid boils at 101 degrees, 
it is rather difficult to separate it from 
water; consequently, the solution ob- 
tained will be a rather dilute formic 
acid, but it should be suitable for our 
purposes. 


(2) From Oxalic Acid and Glycerin. 
Place 5 cc. of glycerin in a small flask 
and add 3 grams of oxalic acid. Fit 
the flask with a 2-hole stopper carry- 
ing a delivery tube extending to a 
receiving flask which is externally 
cooled. Insert a thermometer through 
the other hole in the stopper, allowing 
it to immerse in the glycerin. Heat 
the mixture slowly to 110° C., when 
formic acid will pass over and con- 
dense in the cool receiving flask. After 
a short time, allow the mixture to 
cool; then add more oxalic acid (about 
2 grams) and heat again to 110°. Re- 
peat the procedure until you obtain a 
sufficient quantity of formic acid. It is 
important that additional oxalic acid 
be added at frequent intervals. 

Of the two methods outlined above, 
we believe the latter will give you a 


better yield of a more concentrated 
acid. 
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The Confirmation 


Add a small quantity of sodium 
carbonate and potassium permangan- 
ate to a solution of formic acid and 
heat gently. Manganese dioxide is pre- 
cipitated, which you will recognize as 
a deep brown coloration. 

Add mercuric chloride solution to 
formic acid and warm. The mercuric 
chloride is reduced to mercurous chlor- 
ide which appears as a white precipi- 
tate. Or, if your formic acid is con- 
centrated, the reduction proceeds fur- 
ther and metallic mercury is obtained 
as a grey precipitate. 

Place a few cc. of silver nitrate solu- 
tion in a clean test tube and add 2 or 
3 drops of dilute sodium hydroxide 
solution. A brown precipitate of silver 
oxide is formed. Now add dilute am- 
monium hydroxide, drop by drop, un- 
til the precipitate is almost redissolved; 
then add a few drops of formic acid. 
A silver mirror or a grey precipitate 
of metallic silver is obtained. 


The Decomposition 


Add 2 cc. of concentrated sulfuric 
acid to an equal quantity of formic 
acid in a test tube and heat gently. 
The acid is decomposed and carbon 
monoxide is given off: 


HCOOH > CO + H2:O 


The sulfuric acid acts as a dehydrat- 
ing agent in this case, simply remov- 
ing a molecule of water to leave a 


molecule of carbon monoxide. You 
can ignite the gas as it is evolved; it 
burns with a blue flame. 

If your formic acid is too dilute, 
carbon monoxide wi'l not be formed. 


If this is the case, add sulfuric acid to 
dry sodium formate (see below) and 
heat gently. Of course, you know that 
carbon monoxide is highly poisonous, 
therefore, work with caution. 


The Off-Spring 

Sodium formate. The sodium salt 
is obtained by neutralizing formic acid 
with sodium hydroxide solution. There 
are several ways of doing this, but we 
prefer to color the NaOH pink with 
phenolphthalein and then add the acid, 
drop by drop, until the pink color just 
disappears. The so!id sodium formate 
is obtained by evaporating the neutral 
liquid. 

Lead Formate. Boil 5 cc. of formic 
acid with a little lead oxide-yellow 
(litharge, PbO) for several minutes; 
then filter rapidly and pour the filtrate 
into a watch glass. Lead formate will 
crystallize readily as the solution coo!s. 

Copper formate. Repeat the above 
using copper oxide (CuO) in place of 
the lead oxide. 

Epilogue: 

Commercially, formic acid is pre- 
pared by heating carbon monoxide 
with sodium hydroxide under pres- 
sure and then treating the resultant 
sodium formate with HoSO,. It is 
very caustic to the skin and concen- 
trated solutions will produce painful 
burns. As illustrated in our confirm- 
ing tests, formic acid is a strong re- 
ducing agent. It is also a powerful 
antiseptic. 

Now the next time you are stung 
by a bee, you will know al! about the 
substance which irritates your skin 
and your disposition. 


Most American underground deposits of native sulfur were 
discovered in the process of drilling wells for oil. 
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Fluffy Synthetic Fibers 
Encroach in Wool Usage 





> Woot will go the way of silk, if 
present inroads by synthetic fibers con- 
tinue. The recent phenomenal rise in 
prices of wool “tops” to an average of 
$3.50 a pound, plus improvements in 
processing and using synthetics, have 
accelerated previous trends to blends 
and substitutes for wool. Over half the 
men’s summer suits produced this 
year contained rayon, alone or com- 
bined with other fibers, and rayon is 
now well received in middleweight 
year-round suitings, blankets, boys’ 
clothing and carpets. All-synthetic fib- 
ers, made entirely from chemicals, 
such as nylon, Acrilan, Orlon, Dynel, 
and Fiber V, may be used alone or 
be blended with wool to impart such 
characteristics as crease-resistance and 
washability at prices acceptable to the 
ultimate consumer. 














































































































Early synthetics intended as wool 
substitutes were not similar enough to 
wool; the finished products stretched, 
slid, or were unpleasantly shiny. Bet- 
ter understanding of just what makes 
wool desirable has led to modified 
synthetics for use in new fabrics and 
products satisfactory in appearance, 
wearing qualities, and price. Several 
of the all-synthetic fibers can be made 
with a fluffy pile said to be as warm 
and soft as wool. All-Orlon sweaters 
which resemble cashmere are available, 
while nylon staple is excellent for 
wool-like socks. Blankets made from 
Dynel are soon to be. placed on the 
market; they are mothproof, virtually 
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In Sheep’s Clothing 


Reprinted from InpustrRIAL BULLETIN of Arthur D. Little, Inc. 





shrinkproof and could be laundered 
at home and dried in less than two 
hours. Since these new fibers cost only 
$1.25 to $1.90 a pound, their use alone 
or blended with wool promises to 
help hold textile and clothing prices 
to a reasonable level. 

Another new fiber, called Vicara, 
is made from corn protein and is as 
soft as cashmere. At 83 cents a pound, 
Vicara has a heavy price advantage 
over cashmere at about twelve dol- 
lars a pound, even when a large pro- 
portion of Vicara is used in blending 
with other fibers. Although it is usual- 
ly not used alone, Vicara is frequently 
blended with wool for sweaters, socks, 
or dress goods, and with acetate rayon 
for men’s flannels. Both Dynel and 
Vicara are usually not pure white, and 
must be bleached before they can be 
dyed in pastel colors. Many of the 
new fibers, such as Orlon and Fiber 
V, which is at the consumer-testing 
stage of development, appear to offer 
many advantages when blended with 
wool, such as improvement in wrinkle 
proofing and washability, but they are 
still too scarce to be an answer to ris- 
ing wool prices. 


Synthetic Fibers 

Like nylon, several of the new fibers 
are all-synthetic. Orlon, Dynel, and 
Acrilan, which is in the pilot-plant 
stage, are made from a compound 
called acrylonitrile, derived from nat- 
ural gas, petroleum, or acetylene. Dur- 
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ing the wartime peak, special-purpose 
synthetic rubber took about 12 million 
pounds of acrylonitrile annually, but 
the new fibers have pushed demand to 
about 20 to 25 million pounds a year. 
New acrylonitrile plants are being 
built in Texas and West Virginia, 
and some forecasters predict total 
production of 100 to 300 million 
pounds annually within the next de- 
cade. Fiber V is another all-synthetic 
fiber. Developed in England, where it 
was called Trylene, it is derived from 
terephthalic acid, a petroleum deriva- 
tive, and ethylene glycol, which is also 
used for anti-freeze. A plant to pro- 


duce 30 million pounds of Orlon staple 
annually is now under construction in 
South Carolina and a large new Ac- 
rilan plant is going up in Alabama. 
Rayon, which goes back to wood or 
cotton linters for cellulose, has done 
much to keep apparel prices from 


matching wool’s increases. Rayon 
staple, or cut-up fibers, distinguished 
from continuous filaments, sells for 42 
to 48 cents a pound. Twenty-nine per 
cent of this year’s men’s summer suits 
used all-rayon fabrics; an equal pro- 
portion used tropical worsted, and 
rayon blended with other materials 
accounted for another 22 per cent. Of 
course, rayon has long dominated the 
women’s clothing field. Sixty million 
yards of all-rayon suiting are to be 
used for men’s wear in 1950, while 
63 million yards went into women’s 
outerwear in 1949. The market for 
boys’ clothing, caught between high 
wool prices and rather rigid consumer 
pricing demands, has been revitalized 
by development of new rayon fabrics. 


For the large market for floor cov- 
erings, special rayon fibers have been 
developed to be used either alone or 
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blended with wool. One is a crimped 
viscose staple with a dull finish, which 
produces a firm surface, dyes well, and 
makes long-wearing carpets. Another 
crimped rayon fiber combines char- 
acteristics of both acetate and viscose, 
and several manufacturers are com- 
bining it with wool. Although the ma- 
jor problems in using synthetics for 
floor coverings have now been re- 
solved, manutacture must be carefully 
controlled for a high-quality product. 
For example, humidity in the mill 
is more important with synthetics than 
when using wool; the fiber size and 
length must be matched closely to the 
wool when blending. On the other 
hand, rayon fibers are more uniform 
than carpet wool, which is a mixture 
of many types from varied sources; 
rayon permits the dyeing of clearer 
shades, can be tailored to the produc- 
tion requirements for specific weaves 
or textures, and is stable in supply and 
price. Most carpet manufacturers have 
at least one line of rugs, usually in the 
lower price range, containing some 
rayon, and some are offering all-rayon 
rugs. One leading manufacturer will 
devote over a quarter of its 1951 
production to coverings containing 
synthetic fibers; four lines will be 
made from rayon-wool blends, and a 
fifth will be all rayon. Rayon staple 
for carpets costs 42 to 48 cents, as com- 
pared with $1.35 for carpet wool. 
Wool Supplies Low 

Because world consumption of wool 
exceeds world production for the fifth 
consecutive year, there does not appear 
to be’ any relief from rising prices. 
Stockpiles accumulated during the war 
had dwindled from five billion pounds 
(greasy) in 1945 to less than two and 
a half billion by last June. Rising pop- 


CHEMISTRY 











ulation and prosperity in wool-con- 
suming countries has increased de- 
mand, but world conditions, exchange 
difficulties, and other factors have held 
production to less than four billion 
pounds. The sharpest price rises have 
been in foreign wools, upon which the 
United States is dependent. Although 
U.S. production is estimated at 247 
million pounds for 1950, this is only 
40 per cent of our needs. Furthermore, 
carpet wool, which is a special coarse 
grade, is wholly imported. China sup- 
plied 16.5 per cent of U.S. carpet wool 
in 1937, but only seven per cent in 
1949, and at much higher prices. Car- 
pet wool now accounts for 20 per cent 


Naphtha Becomes 


> Low-crape virgin gasolines, naph- 
thas rated at 55 octane, are converted 
into high-octane aviation gasoline by 
a new process developed by the M. 
NV. Kellogg Company. 

The process employs what is called 

fluid hydroformer. It replaces the 
so-called fixed-bed hydroforming. 
Products range from 98 to 175 in oc- 
tane rating. With pilot plant tests 
completed, construction will start soon 
on the first commercial fluid hydro- 
former. It will be at the Destrehan, 
La., plant of the Pan-Am Southern 
Corporation. It wi'l be a 2,000-barrel- 
per-day unit. 

A hydroformer is a refinery device 
used in the process of improving 
petroleum products in which hydro- 
gen is used. In the fixed-bed type, the 
catalyst employed to aid in the con- 
version processes is in a stationary 
position. In the fluid hydroformer the 
same principle is used as is now wide- 
ly employed in the fluid catalytic 
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of all the wool produced; replacement 
of even half this market would be 
important to synthetics. 

In many wool-producing countries, 
there has been a shift from cheaper 
grades of wool to finer grades, such 
as merino, which command a higher 
price, and the demand for meat has 
shifted producers’ interests. In the 
United States, shortages of sheep herd- 
ers and costs of production have been 
added factors in keeping wool output 
low. Consumer resistance to higher 
prices is an important factor in taking 
the edge off the demand for wool, 
and diversion to synthetics can mean 
permanent loss of wool markets. 


Aviation Gasoline 


cracking process. It utilizes a finely 
powdered catalyst which is supported 
on vapors throughout the retort and 
acts as a turbulent fluid. 


The new process has several ad- 
vantages over the fixed-bed hydro 
formers built during World War II to 
provide great quantities of to!uene and 
aviation gasoline. In these earlier hy- 
droformers, reaction beds had to be 
taken out to be regenerated. The new 
fluid catalyst system withdraws the 
catalyst in a continuous process, re- 
generates it and returns it in a con- 
tinuing cycle to the retort. 


It is expected that the new process 
will give yields up to five per cent 
higher than the old, due largely to the 
uniform temperature throughout the 
bed. The final gasoline product will 
also contain less butane. The process 
is of particular interest at the present 
time because of the greatly increased 
demands for fuels in aviation. 
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Materials, Processes and Machinery 
Among latest Chemical Inventions 


Chemical Patents of the Month 


Copies of complete specifications 
may be ordered from the Commis- 
sioner of Patents, U.S. Patent Office, 
Washington 25, D.C. Order by patent 
number and remit 25 cents for each 
patent, by money. order or Patent 
Office coupon, not stamps. 


Metals Polished Electrically 
> Briuiant polish or high luster is 
obtained on articles of silver plate, 
copper or brass by a process using the 
electrolytic bath which brought Henry 
Boynton Smith, Wallingford, Conn., 
patent 2,559,263. Rights are assigned 
to R. Wallace and Sons Manufactur- 
ing Company of the same address. 
In this electropolishing method, as 
the process is called, the inventor has 
found that a polish or luster of high 
brilliance is obtained on the surface of 
silver plate, copper or brass by using 
in the electrolyte a composite electrical 
voltage or potential made up of a di- 
rect current potential and an alternat- 
ing current potential applied inter- 
mittently to the electrodes. 


Strong When Wet 

> Paper that is strong when wet as 
well as when dry is made of the or- 
dinary cellulosic paper-making fiber to 
which a melamine-formaldehyde resin 
is added. After the material has been 
formed into a felt, heat is applied to 
cure the resin. 

Patent 2,559,221 was granted to 
Charles S. Maxwell, Old Greenwich, 
and Chester G. Landes, New Canaan, 
Conn., the inventors. American Cy- 
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anamid Company of New York has 
acquired the patent rights. 
Meatless Sausage 


> A nutritious human food that con- 
tains no meat but looks, tastes and 
smells like country sausage or ham- 
burger, brought patent 2,560,621 to 
Charlton L. Wrensha!'l, Jacksonville. 
Fla. Its basis is non-fat dry milk solids. 
From 36% to 40% of these solids 
from skim milk is protein, and also 
contained in skim milk are the carbo- 
hydrates and minerals of the original 
milk. Additives, such as potato, cer- 
eals, fat; coloring matter and flavoring 
materials, give the preparation, when 
cured by a heat treatment, the texture 
and other qualities desired. 


Mineral Prospecting 


> A metuop of locating probable ore 
under the surface of the earth, which 
uses a special Geiger counter, brought 
Gerhard Herzog, Houston, Tex., pat- 
ent 2,535,066. Rights are assigned to 
The Texas Company of New York. It 
can be used not only for the detec- 
tion of such radioactive minerals as 
those containing uranium but also 
non-radioactive minerals such as iron, 
copper, lead, tin and zinc. 

The method measures differences 
in gamma ray intensity in the neigh- 
borhood of ore deposits. Naturally 
radioactive minerals, such as uranium, 
thorium and actinium, emit alpha, 
beta and gamma radiation. The gam- 
ma rays have higher penetration 
power than the others. 
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According to Mr. Herzog, it has 
been discovered that the country rock 
in which common metal deposits oc- 
cur generally shows significant devia- 
tions in gamma ray intensity from 
which the existence and location of 
the deposit may be determined. In 
other words, the deposits have faintly 
radioactive auras which act as mark- 
ers for the deposits, whether or not 
the deposits themselves are radioactive. 


Throw-Away Dust-Collector 


> Turow-away dust-collecting elec- 
trodes in a home or office air-cleaning 
device of the type known as an elec- 
trostatic precipitator eliminate the 
usual need of flushing the cleaner out 
with water to remove collected par- 
ticles. The electrodes are inexpensive. 


Electrostatic precipitators remove 
dust and pollen passing through them 
by subjecting the particles in the air 
to static electricity charges so that they 
are attracted and held by electrically 
charged plates or electrodes. The 
usual type is connected to the water 
system so that collected dust may be 
washed out at intervals. In this type, 
when the collector cell becomes loaded 
the electrical power is shut off, the 
outlet end portion of the precipitator 
is removed, then the collector cell 
taken out and replaced by a clean 
one. 


Inventors are William J. Roos, 
Sharon, and Ray W. Warburton, 
Medfield, Mass. Patent 2,556,982 was 
awarded to them. Westinghouse Elec- 
tric Corporation, East Pittsburgh, Pa., 
has been assigned the patent rights. 


Electricity-Conducting Glass 


>A metHop of making an electrically 
conducting glass of low resistance 
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brought Richard B. Ellis, Miami, Fla., 
patent 2,556,616. Rights are assigned 
to Corning Glass Works, Corning, 
N.Y. Ordinary glass, as it is well 
known, is a non-conductor. There are 
many applications where glass able to 
conduct electricity is desirable. 

This method includes impregnating 
a submicroscopically porous glass with 
a solvent of a saccharide, or a water 
solution of sugar, drying out the sol- 
vent, and then firing the glass up to 
at least 1,200 degrees Centigrade in a 
non-oxidizing atmosphere. This treat- 
ment carbonizes the saccharide or 
sugar within the pores. At least 4% 
of the finished product is carbon held 
within the body of the glass. 


Etching Aluminum 


>A metHop of etching aluminum 
and aluminum alloys for decoration 
purposes and photomechanical print- 
ing earned for Charles Edmund Meu- 
lendyke, Rochester, N.Y., patent 2,- 
556,626. The chemical used is a solu- 
tion containing cupric chloride, gly- 
cerine and orthophosphoric acid. 


Improved Brush Killer 


> Roots as well as the overground 
parts of woody plants are killed by 
spraying the foliage of the brush or 
shrub with a chemical mixture that 
contains the weed-killer known as 
2,4-D and a vegetable oil with special 
characteristics. Technically, it is a 
preparation of a chlorinated phen- 
oxyacetic acid herbicide in a non- 
phytotoxic horticultural oil. 

Other herbicides instead of 2,4-D 
may be used but this is the preferred 
one. The important feature is the oil. 
Non-phytotoxic means it contains no 
poison of vegetable origin. It must 
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have a boiling range of 500 to 636 de- 
grees Fahrenheit, and an unsulfon- 
ated residue of 94%. The high boil- 
ing point prevents evaporation in hot 
weather to eliminate danger to near- 
by desirab'e plants. 

Other sprays to kill unwanted 
shrubbery on lawns, in pastures and 
other places, and to kill seedlings and 
saplings growing as underbrush 
among forest trees, do not get into the 
roots under ordinary procedures, the 
inventor of this preparation claims. 
This is said to be effective without 
cutting into the bark or even covering 
the entire foliage with the spray. 

Inventor is Emerson B. Stull, Se- 
bree, Ky. He received patent 2,557,- 
618. Rights have been transferred to 


Stull’s Chemicals, Inc., of the same 
address. 


Solids from Fruit Juices 


> Free-FLowinc solids for food are 
obtained from fruit and vegetable 
juices by a drying process invented by 
Sumner I. Strashun, El Cerrito, Calif. 
The patent awarded to him is 2,557,- 
155. Rights are assigned to the gov- 
ernment as represented by the fed- 
eral Secretary of Agriculture. 

Older methods of obtaining dry 
powders from fruit and vegetable 
juices are unsatisfactory, it is claimed, 
because they produce lumpy masses 
instead of a free-flowing solid. Suc- 
cess of the new process depends upon 
the use of a fatty acid ester added to 
the juice before drying. The esters 
used are non-toxic, odorless and taste- 
less. 


Gas Without Nitrogen 


> Gas oF a high heating value, need- 
ed in certain industrial processes, is 
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obtained from natural gas by remov- 
ing the nitrogen from it by a process 
which was awarded patent 2,557,171. 
It was issued to William W. Bodle, 
North Kansas City, Mo., and Walter 
W. Deschner of Kansas City, Kans. 
J. F. Pritchard & Co., Kansas City, 
Co., has obtained the patent rights. 


It is a low-temperature process in 
which the natural gas is partially 
liquefied. The nitrogen liquefies first 
and is removed in a form containing 
very little of the desirable combustible 
hydrocarbons of the gas. The resulting 
combustible gas is practically free of 
nitrogen. 

Furfural From Corncobs 


> Furrurat, for making nylons and 
for many other industrial applica- 
tions, is made from corncobs, oat 
hulls, cottonseed hull brans and rice 
hulls in greatly increased quantities 
by a new process. 

Inventors of the process, technica'ly 
for the production of furfural from 
pentose liquors, are John W. Dun- 
ning, Charles F. Frye and Elbert C. 
Lathrop, all of Peoria, Ill. Patent 2,- 
559,607 was awarded to them. Rights 
have been assigned to the United 
States government as represented by 
the Department of Agriculture. 

Production by the process is from 
aqueous solutions of pentoses, par- 
ticularly xylose. It is a continuous pro- 
cess that consists of heating a solution 
containing 1.5% to 10% xylose and 
15% to 5% sulfuric acid, at about 
150 degrees Centigrade, to convert the 
xylose to furfural. Important in the 
method is maintaining the concentra- 
tion of furfural in the conversion be- 
low 0.7%, which is done by a special 


removal process. 
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Preserving the Declaration 


> Lonc Lire is promised for the Decla- 
ration of Independence and the Con- 
stitution of the United States as a re- 
sult of extended investigation at the 
National Bureau of Standards in a 
joint program with the Library of 
Congress. 

The preservation of such valuable 
documents as these presents many 
difficulties if they are to be placed 
where they may be viewed by the pub- 
lic. They must be protected by a suit- 
able transparent cover through which 
they can be seen. They must be pre- 
served in an atmosphere containing no 
oxygen because oxygen is destructive 
to parchment. The enclosure must 
contain the proper amount of moisture 
because too much or too little is harm- 
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ful. Again the parchments must be 
protected from detrimental light radia- 
tion. 

As a result of these studies, he!ium 
is selected as the gas to use inside the 
enclosure because it is inert and does 
not enter into chemical reaction with 
any other substance as far as known, 
and it will not support living organ- 
isms that might cause destruction. The 
enclosure within which the documents 
and the helium are contained must be 
air-tight. 

Relative humidity within the case 
should be maintained between 25% 
and 35% at room temperature, it is 
determined. This humidity is found 
to be best for the long-range durability 
of collagen, the protein material which 
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is the basic constituent of parchment. 

Radiation containing invisible ultra- 
violet light and visible blue and violet 
light damages documents such as the 
Declaration of Independence and the 
Constitution of the United States. Pro- 
tection is now provided from such 
radiation by a cover door of laminated 
glass within which a plastic interlayer 
is incorporated of a material that will 
absorb the unwanted rays. 

As a result of these studies, these 
priceless documents will be sealed in 
air-tight envelopes, each envelope con- 


sisting of two panes of special glass 
bonded to a metal frame. Each docu- 
ment will rest upon special pure cellu- 
lose backing paper in an inert atmos- 
phere of almost pure helium, main- 
tained at the proper humidity. Facili- 
ties for detecting any gas leakage of 
the helium is provided. A thermal 
conductivity type of gas analyzer is 
employed. This detector is based upon 
the fact that each gas is unique in its 
ability to transfer heat. A change in 
the conductivity means there has been 
a change in the composition of the gas. 


New High-Heat-Resisting Paint 


> Paint that fails to burn when test 
panels were brought to a dull red heat 
of about 1300 degrees Fahrenheit are 
a combination of titanium dioxide and 
aluminum. 

The paint is still in an experimental 
stage by Du Pont. There are many 
problems to be solved such as getting 
it to adhere satisfactorily to metal and 
attaining resistance to salt-water at- 
tack. But there is no question relative 
to its ability to resist heat. Coatings, 
for example, failed to burn when 
heated to 650 degrees Fahrenheit for 
an hour. 


Manufacture of the paint starts with 
titanium tetrachloride, similar in struc- 
ture to*the well-known cleaning fluid 
and fire extinguisher, carbon tetra- 
chloride. This titanium compound is 
reacted with isopropyl alcohol to 
form tetraisopropyl titanate. This is 
used with aluminum flake in making 
the paint. 

When the paint is applied, the 
titanate compound reacts with the 
moisture in the air, forming titanium 
oxide, and an alcohol that evaporates 
off. This leaves a film of titanium 
oxide and aluminum on the painted 
surface. 


Gas of Fleeting Positive Electrons 


> Existence of one of the funda- 
mental particles of nature, the posi- 
tron or positive electron, as a gas is 
suggested by Dr. Martin Deutsch of 
Massachusetts Institute of Technology. 

“Positronium” is the name given 
to this atom which can be considered 
a new chemical element. Free posi- 


tronium atoms exist for about ten 
millionths of a second before they be- 
come annihilated. The positronium 
atoms were identified in nitrogen. 

The positron was first found in 
1932 and it is rated as a stable particle 
in the same class with the electron 
and the proton. 
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From Fischer-Tropsch Process 





> Tuousanps of barrels of gasoline 
and a host of other vitally needed 
chemicals could be created every year 
from natural gas without jeoparidiz- 
ing present and future needs for util- 
ity and other fuel purposes, P. C. 
Keith, president of Hydrocarbon Re- 
search, New York, told the American 
Chemical Society at its Diamond Jub- 
ilee Meeting. 

The chemicals would include mil- 
lions of gallons of ethyl alcohol, 
acetylene, and the rare gases krypton 
and xenon, Mr. Keith said at a sym- 
posium on 25 years of progress in 
petroleum technology. J. H. Arnold 
was co-author of the report. 


The synthetic fuels industry could 
be based on the Fischer-Tropsch type 
of synthesis, to make high octane gas- 
oline from natural gas. Shale or coal 
could also be used. 


In studies by Hydrocarbon Re- 
search, Mr. Keith reported, of partic- 
ular interest is the discovery that the 
environment of the catalyst, i., the 
composition of the gas flowing 
through the catalyst chamber, is 
equally as important as the catalyst 
preparation, both in achieving the 
desired product and in preserving 
the activity and selectivity of the 
catalyst. 


The catalyst used in the process is 
iron in a fluidized bed. 

Mr. Keith said that, on the basis of 
proved and projected natural gas re- 
serves of the United States, two tril- 
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Alcohol, Acetylene, Rare Gases 


Chemicals From Natural Gas 


lion cubic feet could be made avail- 
able annually for conversion to syn- 
thetic fuels, special chemicals, etc., 
without jeopardizing present and fu- 
ture needs for utility and other fuel 
purposes. 


A synthetic fuels industry based 
upon one-fourth the estimated avail- 
able gas, or an annual consumption 
of five hundred billion cubic feet, he 
said, could supply 90,000 barrels of 
gasoline or 5 per cent of the present 
demand. 

In addition such a synthetic fuels 
industry would produce ethyl alcohol 
almost equal to the entire United 
States production in 1948, i.e., 130 
million gallons. Millions of gallons of 
higher alcohols, aldehydes, ketones 
and fatty acids not now available, or 
available in limited amounts, would 
also be produced annually. 

Other chemicals and special prod- 
ucts for which there is a growing de- 
mand would be available in large 
quantities as by-products of the syn- 
thesis process or could be made avail- 
able by simple, commercially proved, 
operations. Probably most important 
among these are the straight chain 
olefins and acetylene. Ethylene, pro- 
pylene, and higher molecular weight 
olefins would be available as by- 
products and acetylene could be 
readily produced by a modification of 
the combustion process. The quanti- 
ties of these chemicals potentially 
available would give a tremendous 
impetus to the already rapidly ex- 
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panding synthetic chemicals industry, 
plastics, synthetic fibers, and solvents. 
Tremendous quantities of oxygen 
would be separated from air and this 
operation would make feasible the re- 
covery of krypton and xenon in 
amounts sufficient for the manufac- 
ture for general use of highly efficient 
incandescent lamps of the type now 
used in special miners’ lamps and 
high-powered search lights. 
Collateral engineering and manu- 
facturing benefits of the development 
of the synthetic fuels from natural 
gas industry would be the widespread 
application of techniques useful in 
many other industries. For example, 


the production of tonnage oxygen 
useful in the steel and chemical in- 
dustries; the efficient production of 
mixtures of carbon monoxide and 
hydrogen for synthesis of ammonia, 
methanol and other chemicals; many 
new applications of unit operations of 
chemical engineering, for example the 
simultaneous removal of large quan- 
tities of heat and the control of tem- 
perature of reacting vapors, the 
handling of gases and liquids under 
pressure at temperatures as low as 
300 degrees below zero and the 
handling of gases under pressure at 
temperatures up to 2600-2800 degrees 
Fahrenheit. 


New Chemicals f rom Seaweed . 


> New cuHeMicats from seaweed are 
expected to result from work now 
underway at the new Institute of Sea- 


weed Research established with gov- 
ernment aid at Inveresk Gate, Mussel- 
burgh, Scotland. The laboratory is de- 
signed and equipped primarily for 
pilot scale processes. 


Agar and alginates are already in 
large-scale commercial production 
from Scotland’s bountiful supply of 
seaweed. It is known that seaweed 
contains other chemical substances 
but commercial processes of extract- 
ing them need development. This will 
be the principal job of the new under- 
taking. 


Available seaweed contains consid- 


erable amounts of alginic acid, a sugar 
known as mannitol, a starch called 
laminarin, and a new chemical known 
as fucoidin. Included also are smaller, 
and as yet unassessed, quantities of 
proteins, fats, sterols and amino acids. 


An incomplete survey of Scotland’s 
seaweed beds shows that probably 4,- 
000,000 tons could be harvested. To 
conserve resources, not more than one- 
fourth of this amount should be 
gathered each year. A_ million-ton 
harvest would yield 200,000 tons of 
dry brown seaweed, which in turn 
would yield some 30,000 tons of al- 
ginic acid, a slightly larger amount of 
mannitol, and 40,000 tons of lamina- 
rin, the seaweed starch. 


Deposits of native sulfur are no longer able to supply the United 
States with the amount needed and more sulfur is now being 


recovered from pyrites. 


Aluminum and its alloys are soft and plastic at temperatures 
between 400 degrees and 550 degrees Centigrade and are then 


easily shaped and worked. 
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> Putp mixed with water allows you to ae your own hand-laid paper. 


New Paper and Old Paper Making 


> You can dunk some wrapping 
paper in water today and_it will come 
out quite dry. You can count on some 
paper bags to get wet milk bottles 
home without tearing. Yes, wrapping 
paper today looks just like it did in 
grandfather’s time, but it has acquired 
many new tricks. 

New treatments have been develop- 
ed to make papers water-repellent or 
give them wet-strength, but paper it- 
self is made in pretty much the same 
way it was created centuries ago. Ma- 
chines have replaced skilled hands, but 
it always begins as pulp and takes 
lots of water in the process. 
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Materials for making paper — a 
scientific way to amuse yourself or 
the kids on a rainy day — plus a 
number of interesting papers make up 
the kit that has been created for you 
by Tunes of Science. The kit in- 
cludes paper pulp, Fourdrinier wire, 
and a cardboard box from which to 
cut the two frames traditionally used 
in making paper by hand: you supply 
the water, egg beater and bucket. 

Available for the nominal sum of 
75 cents. Just write Science Service, 
1719 N St. N.W., Washington 6, 
D. C., and ask for the paper making 
kit. 
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Proudly Presented 


> A PHoTO-NEPHELOMETER measures 
the amount of cloudiness in liquids 
used for many purposes. Coleman In- 
struments, Inc., Maywood, Ill., offers 
this instrument with a constant volt- 
age transformer provided by the Sola 
Electric Co., Chicago, which protects 
against fluctuations in voltage of the 
light source. 


> Resinous ALcoHot-8, a mixture of 
mono-, di- and tri-glycerides of rosin 
and fatty acids, is availab!e as a plas- 
ticizer for nitrocellulose lacquer films. 
It is available in drum lots from the 
pilot plant of General Mills’ New 
Products Commercial Research Lab- 
oratories, 2010 East Hennepin Ave., 
Minneapolis 13, Minn. 


> CARBOXYMETHYLCELLULOSE, offered 
by the Hercules Powder Co. under the 
trade name Hercules CMC-CT, is de- 
scribed in a new booklet available 
from the company’s news bureau, 
Wilmington, Del. 


> Dye AND PIGMENTS, both synthetic 
and of vegetable origin, are the special- 
ties of United Dye and Chemical 
Corp., which is preparing to branch 
out into the field of pharmaceuticals. 


The company offers its research and, 


development service to evaluate ideas, 
products and processes brought to its 
attention, through the services of 
Roger Williams, Inc., 9 Sniffen Court, 
New York 16, N.Y. 


> CHiorinE and caustic soda supplies 
will be increased by a new mercury 
cell unit at the plant of the Solvay 
Process Division, Allied Chemical & 
Dye Corporation, near Syracuse, N.Y. 
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> RustTrrEE, non-magnetic steel alloys 
which are weldable and have high 
ductility and high tensile strength are 
announced by Uniworld Research 
Corporation of America, 1302 Ontario 
St., Cleveland 13, Ohio. 


> Putp for cellulose acetate and high 
alpha cellulose will be produced in the 
new plant of Columbia Cellulose Co., 
Ltd., an affiliate of Celanese Corpora- 
tion of America, located on Watson 
Island in British Columbia. The pulp 
will be further processed in another 
new plant, at Edmonton, Alberta, by 
the Canadian Chemical Co., Ltd. 


> Sutrones for use as intérmediates in 
dyestuff and organic chemical synthe- 
sis which have been added to the line 
of products available from the Merri- 
mac Division of Monsanto include: 
Bis-(p-Chlorophenyl) Sulfone; Bis- 
(3-Amino-4-Hydroxyphenyl) Sulfone; 
and Bis-(4-Chloro-3-Nitropheny]) Sul- 
fone. Experimental quantities and 
data sheets describing these products 
may be had on request to L. F. Loutrel 
Jr., Merrimac development director, 
Monsanto Chemical Co., Everett, 


Mass. 


> Acrytic PotyMers,modified sodium 
polyacrylates of varying viscosities, for 
use as adhesives, binders, thickeners, 
and protective colloids are offered by 
American Cyanamid Co., 30 Rocke- 
feller Plaza, New York 20, N. Y. 


> Nine sasic cotors plus white form 
the new line of Americana Colors 
brought out by Du Pont’s Finishes 
Division, 350 Fifth Avenue, New 
York 1, N. Y. 
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CHEMISTRY BOOKS 
For Information and Pleasure 


1 ATOMIC FACTS 


Just the information about atomic energy that you need to know. Easy 
to read chapters and fundamental information arranged for easy refer- 
ence. The H-Bomb .. . Our Atomic Future . . . Structure of the Atom ... 
How Atomic Bombardment Works... Birth of Matter , . . Neutron-Proton 
Exchange .. . Mesons Created in the Cyclotron ... The Atomic Nu- 
cleus . ,. . Electron Shells . . . Units of Mass, Charge and Energy ... 
Atomic Energy Common, Fire Rare . .. Atomic Energy Progress... 
Atomic Energy Engineering .. . Uranium Prospecting , . . Radioactive 
Wastes ... Acute Radiation Illness... Postpaid $2.00 


2 CHEMISTRY SHOW BOOK 


For you who want to conduct experiments, build exhibits and present 
entertainments upon a chemical theme, this is the book, Three chemical 
plays are included that can be staged by any group. How to produce 
chemical surprises. All about fireworks and colored flames. Experiments 
for the home laboratory explained in simple directions. How to put on a 
show and demonstrate before an audience. How to make a speech about 
chemistry. Photography and photographic displays. Chemical quiz corner 
with answers. Fully indexed, cloth bound. Postpaid $2.00 


3 EXHIBIT TECHNIQUES BOOK 


When it is time to show off a science project in science fair or exhibition, 
the ideas, hints and experience packed into this comprehensive volume 
will prove invaluable. Many exhibits that have won prizes are pictured 
in photographs and diagrams as helpful suggestions that can help your 
own original planning and thinking. What to guard against in laying out 
your material. How to label, letter and display. Ideas from professional 
museum preparators. Simple experiments that will be models for those 
that you will incorporate in your project. How to build a diorama, re- 
volving platform, changing lighting, make models, etc. Index that allows 
you to find what you want to know. Fully indexed, cloth bound. 


Postpaid $2.00 
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